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LETTER OF TRANSMITTAL. 


U.S. DEPARTMENT OF AGRICULTURE, 
BurgEAU OF ENTOMOLOGY, _ 
Washington, D. C., August 20, 1907. 

Sir: I have the honor to transmit herewith the manuscript of a 
paper, by Dr. W. E. Hinds of this Bureau, entitled ‘‘Some Factors 
in the Natural Control of the Mexican Cotton Boll Weevil.” It deals 
especially with three important factors of natural control, concerning 
which our knowledge has been largely extended through the cotton 
boll weevil investigations of the Bureau during the season of 1906. 
These factors are: Temperature and moisture conditions, predaceous 
and parasitic enemies, and food supply. 

In view of the fact that the boll weevil is not a passing pest, but 
rather an enemy with which the cotton grower must reckon each year, 
. it is evident that our knowledge of every factor affecting favorably or 
unfavorably its development and attack must be made as complete 
as possible. While it may not be possible to increase the effectiveness 
of some of these factors, there is reason to believe that with our more 
exact knowledge of the nature of their effect upon the weevil and 
of the conditions under which they produce most beneficial results 
others may be utilized far more than has been done heretofore, thus 
lessening very materially the damage annually inflicted by the weevil 
at little, if any, expense. 

This study of the natural control of the boll weevil is probably 
based upon one of the most extensive series of definite examinations 
and records which has ever been made in economic entomology. The 
paper reporting this work is therefore based upon a large amount of 
statistical data. This has been tabulated with a view to as much 
condensation as possible without destroying the value and signifi- 
cance of the records. The illustrations accompanying the manu- 
script are necessary for the best understanding of the text. I recom- 
menu the publication of this report as Bulletin No. 74 of the Bureau 
of Entomology. 

Respectfully, 
F. H. Cui ttENDEN, 
Acting Chief of Bureau. 
Hon. JAmMEs WILson, 
Secretary of Agriculture. 
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PREPAC. 


In the earlier work of the cotton boll weevil investigation particular 
attention was given to the life history and habits of the boll weevil and 
the direct effect of these upon cotton production. 

These phases of the investigation have been described in a number 
of circulars and bulletins of the Bureau of Entomology, among which 
the reader is referred especially to Bulletins 45 and 51, by Hunter and 
Hinds, and Bulletin 63, Part I, by Prof. E. D. Sanderson. The pres- 
ent bulletin deals especially with three factors of natural control in 
regard to which our knowledge has been largely extended by the work 
done during the season of 1906. 

Those who are engaged in the cotton boll weevil investigations of 
the Bureau of Entomology are frequently asked if the boll weevil is not 
a passing pest, which may be expected in time to leave the cotton 
fields where it now occurs, because of a continuation of the onward 
movement by which it has spread through the great area which it now 
infests. This idea isdoubtless based upon the fact that in any locality, 
in a series of seasons, there is likely to occur one season in which there 
will be a marked decrease in the abundance of the weevils. As a con- 
sequence of this an unusually good crop may be made, and after such a 
season with little weevil injury the planter is naturally inclined to 
anticipate that the weevil may never again become as serious a pest as 
it has been in the past. 

The continuation of this investigation through a number of years 
has made it possible to determine that local variation, such as has been 
referred to, may be due directly to the influence of certain natural fac- 


tors which, either singly or in combination, have exercised an unusually 


large degree of control upon the weevil. It has been possible to deter- 
mine the most important factors concerned in this control and in some 
measure to show their relative importance. Extensive observations, 
however, have but confirmed the impression, which was formed years 
ago by entomologists engaged in studying this question, that the 
boll weevil is not a passing pest, but rather an enemy which must be 
taken into account every year by the grower of cotton throughout the 
infested area. With the certainty that the fight against the weevil 
must be continued indefinitely, it has become increasingly evident that 
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our knowledge of every factor affecting, favorably or unfavorably, the 
development and attack of the boll weevil must be made as complete 
as is possible. While it may be impossible to increase the influence or 
effectiveness of some of these factors, there is excellent promise that it 
may be possible to utilize others to a far greater degree than has been 
done in the past, because of our more exact knowledge of the nature of 
their effect upon the weevil and of the conditions under which they 
produce most beneficial results. It is possible that by this greater 
utilization of natural forces the damage annually done by the weevil 
may be very materially decreased at little, if any, expense. 

By ‘‘natural control’’ is meant the ponbened ofeae upon the weevil 
of all natural enemies and of all conditions or forces in nature which 
retard or prevent the development of the weevils and reduce the injury 
which they might otherwise inflict upon the crop. These are, in gen- 
eral, the factors which operate to produce and to preserve what is often 
spoken of as ‘‘the balance in nature.’’ The principal factors are tem- 
perature and moisture conditions in summer and in winter, the attack 
of predaceous enemies or parasites, and the dependence of the species 
upon a favorable condition of food supply. 

Since the beginning of the present cotton boll weevil investigations 
in 1901, the work in the field has been continuously under the direc- 
tion of Mr. W. D. Hunter, to whom is due credit for many of the sug- 
gestions followed and for the breadth of scope which it has been possi- 
ble to give to this particular portion of the investigation. | Under his 
direction the work has been planned and carried out under the imme- 
diate supervision of the writer. Nearly all of the special field agents 
who have been in the investigation have had some part in the collec- 
tion of material or in the examinations involved in securing the data 
for this bulletin. Special acknowledgment is due to them for the 
large amount of painstaking work without which this study could not 
have been made sufficiently extensive to have been of practical value. 
It gives the writer pleasure to acknowledge this indispensable assist- 
ance by Messrs. W. W. Yothers, R. A. Cushman, A. C. Morgan, C. R. 
Jones, W. D..Pierce, F. C. Pratt, F. C. Bishopp, W. H. Gilson, and 
J. C. Crawford. 
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SOME FACTORS IN THE NATURAL CONTROL OF THE 
MEXICAN COTTON BOLL WEEVIL. 


INTRODUCTION. 


The natural control of the cotton boll weevil is so broad a subject, 
comprising the effects of so many factors, some of which are imper- 
fectly known and understood, that anything like a comprehensive 
treatment of the subject is at present impossible. Doubtless many 
factors of some importance have not yet been studied. Of the fact 
that some factors do accomplish the destruction observed in indi- 
vidual cases we have no doubt. From extensive series of such obser- 
vations we may be able to reason safely as to the general tendency 
of those factors, and we may possibly be able to assign to them a 
relative value in their tendency to control under the conditions then 
prevailing, but we must recognize the fact that all these factors, 
however many there may be, are so interrelated and their influences 
under varying conditions may so essentially differ that a study of 
them becomes an exceedingly difficult problem. 


CONDITIONS REQUIRING CONSIDERATION. 


The magnitude of the work involved is directly increased by the 
extent of the area affected and by the variations in climatic, geo- 
logical, and cultural conditions which are encountered within the 
weevil-infested area. While some factors may be studied through 
multiplied observations as to their effect in individual cases, others 
must be considered from the broader standpoints of the general 
movement of the species, crop production, ete. 

Temperature and moisture conditions are undoubtedly the princi- 
pal climatic factors which govern in a general way the distribution 
of every species. Of these two factors, temperature is unques- 
tionably the more important. The effect of this factor upon the 
continued spread of the boll weevil has been a subject of interest 
to entomologists ever since the weevil became a factor in the cultiva- 
tion: of cotton in Texas. It has been supposed that the weevil, 
coming originally from a habitat much farther south, would finally 
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be checked by this temperature factor, and it was hoped that this 
would occur before the northern limit of profitable cotton production 
should be reached. Unfortunately, the insect has shown that it is 
capable of a considerable amount of adaptation to this change in 
temperature conditions, so that its northward range has been gradu- 
ally extended until, in the season of 1906, it crossed the Red River 
Valley and became established in the southern portion of Indian 
Territory. Humidity has proved to be an important factor, affecting 
more the abundance and injuriousness of the species than it does 
its distribution. 

Considering some of the broader aspects of the effect of tempera- 
ture and humidity in controlling the weevil, it appears that the most 
marked instances of definite control have been occasioned by what 
may be termed the unusual variations, either above or below the 
usual range, in these factors. Thus it seems to be prolonged peri- 
ods of extreme heat in summer and the exceptional depression in 
temperature in winter which have produced the most clearly marked 
results. When these exceptional conditions occur, they affect, as 
a rule, rather extensive areas, so that the good results are general 
instead of localized, as is likely to be the case with many of the factors 
which will be considered in succeeding pages. The possible effect 
of high summer temperatures has been the prime reason for recom- 
mendations designed to secure a proper spacing of the plants, which 
would leave weevil-infested squares most directly exposed to the 
sunshine. It frequently happens that this factor is sufficiently 
effective to so check severe weevil attack as to allow the cotton to 
set and to mature a reasonably good crop. It is especially effective 
if occurring early in the season during the period when the plant is 
normally setting its crop of fruit. Its value may be completely 
neutralized by other coincident or preceding conditions, such as a 
very rank growth of the plants, or a too close planting, which may 
cause the plants to shade a large proportion of the fallen forms.% 


INFLUENCE OF SHORT DROUGHT IN SAME SEASON. 


A definite illustration of the control of the weevil, largely by pro- 
longed and excessive heat, was found at Victoria, Tex., in 1906. 
The plat of cotton under observation covered only one-half acre, so 
that it was possible to make frequent and close observations upon 
the conditions prevailing on the entire plat. Table I presents a 
brief summary of temperature, rainfall, crop, and weevil conditions 
for this area during a period of four months from the planting of 
the seed. 


a'The term “forms” is used for convenience to include all stages of the cotton fruit: 
The bud or square, the bloom or flower, and the boll or seed pod. 


INFLUENCE OF SHORT DROUGHT IN SAME SEASON. £3 


Taste I.—Temporary control of weevil by drought in May and June, Victoria, Tez., 
1906. 


Temperature. Pp recipitation. 


Abso- | Month- | Month- 


Depar- | ae Total | Depar- | Weevil and crop conditions. 
Se in 
| 


Month. = 
ee bad pi bee Sem ne (rm ture from) i rain- |ture from : 
aay pera age. normal. days. fall. | normal. 
pee : | | 
ime) Om. | or | oF. oF. Inches.| Inches. 
April... 87 79 70. 3 —2. 4 | 6 2. 88 +0. 22 Pepe er apied early month. 
tand uneven. 
May... 96 86 76. 4 —1.6 | 2 . 63 —3.29 | Cotton began squaring about 
May 20. Weevils coming 
from hibernation in large 
numbers. No blooms, as all 
| squares are destroyed as 
formed. 
June... 103 94. 3 83. 7 +1.5 | 2 . 68 —3.03 | Weevils still coming from hi- 


bernation. No blooms un- 
til very last of month. First 
generation weevils nearly all 
destroyed while immature. 
Number of weevils in field 
| greatly decreased by June 
30. Blooms and bolls then 
forming abundantly. 
Jn et 97 91.2 82.9 —1.3 12 4.93 +1.73 | Weevils so checked by June 
conditions that before they 
could multiply again a good 
crop was set and a yield of 
about one-half bale was 
gathered in September and 
October. 


It should be noted that in this field a considerable portion of the 
eround was exposed to sunshine through the unevenness of the stand. 
The rainfall during April was sufficient to give the plants a good 
start, and a fair growth was made through the month of May. April 
and May were somewhat cooler than is usual for those months. The 
weevils which had passed through hibernation in the vicinity of the 
field were so abundant early in the season that squares became 
infested as rapidly as they were formed. Squares began to form 
before May 1, but no blooms appeared, and conditions seemed to 
point to the inevitable failure of the crop until after the extreme heat 
and drought of June. During June the maximum temperature 
recorded was below 90° upon only one day, when it was 88° F. On 
three days the maximum temperature recorded was above 100° F. 
The mean maximum temperature for the month, 94.3°, is therefore 
exceptionally high. During the seventy-four days between April 
20 and July 3 rains fell upon only four occasions and the total precipi- 
tation was less than 14 inches. This extreme heat and drought 
produced a very marked change in the weevil conditions found in 
this field. Through the gradual dying off of hibernated adult weevils 
and the long-continued destruction of their progeny, the number of 
weevils to be found in the field was very greatly reduced. Following 
the heavy and well distributed rains occurring in July, the plants 
quickly put out large numbers of squares, and before the weevils 
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could multiply so as to do any considerable damage the plants had 
set a normally good crop of fruit. While weevils became numerous 
later in the season, *. yield of nearly one-fourth of a bale was obtained 
from this half-acre plat. 

The beneficial effect of this drought during the squaring season 
in Victoria County may be shown by a comparison of the yields for 
the seasons 1903 to 1906, inclusive. These figures as given by the 
Bureau of the Census in equivalent 500-pound bales are as follows: 


Yields of cotton in Victoria County, Tex.. 1903-1906. 
) Y, 


Year. Bales. 
WDO Bhd tok ers it Rb ie 2. eco bls Se INE eon eee 5, 305 
{Clty ehanahs ecm MnaRRMSTE RS ae ually Meo FS) 6, 495 
POOR ace aS ea 9, 016 
LOOK. i eetoe ks hes 228 et le Se ee eee 16, 963 


INFLUENCE OF A DRY SEASON UPON SUCCEEDING SEASON. 


The duration of the dry period as related to the growing season of 
cotton determines primarily whether the beneficial effect shall be 
prolonged beyond one season. In the case cited at Victoria drought 
occurred only in the first third of the season, and its effect was upon 
the immediate crop, but the benefit would not be continued into the 
following year. In some of the dryer regions of cotton production 
it is not unusual to have an entire season covered by a period of 
comparative drought, and under such conditions the effect upon 
weevil abundance is quite different. Several illustrations of this 
have occurred in the region between Corpus Christi and San Antonio, 
Tex. One of the most definite instances is here given by way of 
illustration. In this case the effect was widespread, and may be 
judged by a comparison of rainfall, temperature, and crop conditions 
for Nueces County, Tex., during the years 1901-1904. 


TaBLE II.—General illustration of drought control, Nueces County, Tex., 1901-1904. 


Rainfall. Temperature. Cotton 
SSS = produc- 
Annual. Mar. 1-Aug. 31. Annual. | Mar. 1-Aug.31l. | tion, 
| Nueces 
E ount 
Pa Depar- Depar- Rican Depar- | Mouk | ae. Fem 
ture tur ture | 
Total.| som. | Total. | pram | V8 4 lprom (eens oat ee 
age. age 
normal. normal. normal normal. ales. 
Inches.| Inches. | Inches.| Inches. x) 24 Ore ba) aie ay 38 
RODE ewes ae RT 17.49 | —11.90 6.74'| — 7.42 70.7 0.0 76.2 0. 83 601 
GU Ee eee eee oe 22.22 | — 7.98 5.57 | — 7.39 Tako +1.4| 77.3 | 4285 « 480 
JUSTO ae aaa Se eee Ra 36.92 | + 6.72 | 25.97 | +11.38 69.1 — 0.9 74.5 | — 0.9 4,099 
OU eee ee) ose towne 28.54 | — 1.66 13.56 | + 0.83 70.5 + 0.4) 76.0! 4+ 0.5 1, 556 


A INFLUENCE OF DRY SEASON ON SUCCEEDING SEASON. Ld 


: In connection with this table it should be noted that the tempera- 
ture conditions during the six months which are of greatest signifi- 
cance varied but little from the normal. In rainfall, however, a 
ereat deficiency occurred both in 1901 and in 1902. Undoubtedly 
the continuance of the drought throughout the season was more 
influential than was the boll weevil in reducing the crop for the years 
1901 and 1902, which were almost complete failures. Through the 
season of 1903 there fell a large excess of rain and it was well distrib- 
uted. This would produce conditions very favorable for weevil 
multiplication and injury, but in spite of this the cotton crop for 1903 
for this county was nearly ten times as large as during the preceding 
year. In 1904 both temperature and rainfall were nearly normal, 
but the effect of the large number of weevils passing through hiber- 
nation from the season of 1903 is very conspicuously shown by the 
reduced size of the crop of 1904. This is an illustration of the control 
of the boll weevil by the unfavorable climatic conditions of an entire 
season so effective that the weevil failed to become greatly injurious 
_ to the succeeding crop in a season when the climatic conditions were 
unusually favorable for its increase. 


CONTROL BY WINTER CLIMATIC CONDITIONS. 


Exceptionally low winter temperatures have occasionally proved 
sufficiently effective to exterminate the weevils from certain areas 
which had become recently infested and within which the weevils 
had not had time to become firmly established. This has been 
illustrated by several well established cases in northern Texas and 
Louisiana during the past few years. 

Weevils were first found near Sherman, Tex., in the fall of 1903, 
when the northern limit of the dispersion reached to within a few 
miles of that place. No weevils could be found in that region in 1904 
or until the dispersion of 1905 had taken place, thus proving that the 
few weevils reaching there in 1903 had failed to reproduce or that 
_ they and their progeny were completely exterminated by the winter 
conditions of 1903-4. Weather Bureau records show that the 
_ minimum temperature in this locality during the winter of 1903-1904 
_ was 12° F. on January 26, 1904, and that the average monthly tem- 
_ peratures for January, February, and March at Sherman were + 2.6°, 
_ +10°, and +6.9° above normal, respectively. It hardly seems prob- 
able, therefore, that the weevils failed to maintain themselves in 

this case solely on account of low winter temperatures. 
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Through the dispersion movements during the fall of 1904 weevils 
spread over a large area in western Louisiana, as shown on the accom- 
panying map (fig. 1). 

By a large number of very careful field examinations between 
May 1 and August 1, 1905, Mr. Wilmon Newell, entomologist of the 
Louisiana State crop pest commission, with the assistance of Messrs. 
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Fig. 1.—Map of Louisiana, showing dispersion movements of 1903 and 1904 and reduction of infested 
area by winter conditions of 1904-1905. 


K.S. Hardy, J. B. Garrett, W. O. Martin, and C. W. Flynn, working 
in cooperation with the boll weevil investigation of the Bureau of 
Entomology, was able to determine that the weevils had been prac- 
tically, if not completely, exterminated in that portion of the 1904- 
infested area lying east of the heavy line shown in the map, running 
from the southwestern corner of Caddo Parish, through about the 
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middle of .De Soto, Sabine, and Vernon parishes and the western 


third of Calcasieu and Cameron parishes, nearly parallel to the west- 
ern boundary of the State. In other words, through the unfavorable 


climatic conditions following the dispersion of 1904 the weevil was 
exterminated throughout practically two-thirds of the area in Lou- 
isiana which had first become infested ‘by the weevil dispersion of 
that year. From the reports from Louisiana of the Weather Bureau 
for 1904 and 1905 it appears that killing frosts occurred generally 
through the State about November 13 to 15, 1904. The temperature 
and rainfall conditions within the infested area from that time till 
the end of December were not far from normal, though the rainfall 
during December was very heavy east of the infested area. During 
January the temperature in the infested area averaged about 5 degrees 


-below the normal, while in February it reached an extreme departure, 


averaging 9 degrees below normal. During these two months the 
rainfall in this area was very heavy, averaging more than 104 inches. 
Though this appears to be not more than 1 or 2 inches in excess 
of the normal rainfall during these two months, it is far more than 
the weevil has been obliged to withstand, as a usual occurrence, in 
Texas, and in conjunction with the very exceptionally low temper- 
atures it probably explains in large measure the extermination of 
the weevils through practically all of the territory entered by them 
in the fall of 1904 after the latter part of August. It remains to be 
seen whether the heavy winter rainfall which normally occurs in 
this Louisiana territory will, as a usual thing, prove to be an impor- 
tant factor in reducing the number of weevils hibernating successfully | 
within this area. | | 

A somewhat similar reduction of infested area occurred in northern 
Texas coincident with that in Louisiana, but, owing to the demands 
of other lines of investigation in Texas, it was impracticable to make 
as thorough an investigation to determine the limit of infestation in 
July, 1905, in Texas as was done in Louisiana. 

As the weevil seems to be acquiring a greater power of resistance 
to low temperatures as it spreads farther northward, the value of 
this factor for any locality now included within the weevil-infested 
area would seem to be gradually decreasing. The efficiency of winter 
cold is very largely affected by the coincident humidity and by the 
abundance and favorable character of the opportunities for shelter 
which may be obtained by the hibernating weevils. 

Besides the direct effect upon weevil survival, winter climatic 
conditions exercise an indirect effect upon weevil injury during the 
following season by their influence upon the survival of cotton roots. 
This is an especially important consideration th southern Texas, where 
during many seasons a considerable proportion of old roots survive, 
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giving rise in the spring to what is variously termed sprout, stubble, 
or seppa cotton. These sprouts arising from roots which are already 
established begin growing, as a rule, before cotton is planted. Their 
growth is exceptionally vigorous, so.that these plants frequently 
produce squares several weeks in advance of the average planted 
crop. This source of food supply, occurring so early in the season, 
serves to sustain a large number of hibernated weevils from the time 
of their emergence until after the planted cotton becomes suscep- 
tible to their attack. It also furnishes early emerged weevils with 
opportunities for reproduction, which may produce a large number 
of first generation weevils by the time planted cotton begins to form 
squares. It has been noticed that during seasons when an excep- 
tional amount of sprout cotton occurs weevil injury has, as a rule, 
been exceptionally severe. The increased injury during such seasons 
is undoubtedly traceable to two primary causes: (1) The climatic 
conditions which are most favorable to the survival of cotton roots 
are also as favorable to the survival of hibernating weevils; (2) the 
large numbers of weevils surviving under these conditions are pro- 
vided with an abundant food supply and with early opportunities 
for reproduction by the sprout cotton which occurs. 

During winters when the climatic conditions are unfavorable both 
. for the survival of weevils and for the survival of old cotton roots 
the smaller number of weevils emerging in the spring find ne other 
food supply than that provided by the planted cotton, and can not 
begin their reproductive activity until such time as the squares upon 
the planted cotton may be about one-half grown. Under these con- 
ditions the crop has a fair opportunity to set before weevils become 
sufficiently abundant to destroy a large proportion of the rapidly 
forming squares. 

It is difficult to understand why so many planters fail to appreciate 
the importance of preventing entirely the appearance and growth of 
sprout cotton. The only way in which its occurrence may be posi- 
tively prevented in all seasons and im all parts of the infested area 
is by the uprooting of the old plants. Itis plain that the most effective 
time to do this, so far as securing a reduction in the number of weevils 
is concerned, is immediately following the maturity and picking of 
the crop. This prevents further multiplication of weevils at that 
time and removes the available food supply of those which are adult 
as long as may be possible before they can hibernate successfully. 
Extensive experiments and observations have shown that if the 
stalks be thoroughly destroyed (as by burning) from three to four 
weeks before the occurrence of the first frost in the fall and if the 
ground be kept clean, so that favorable opportunities for shelter 
are removed, the number of weevils surviving hibernation may be 
very greatly reduced. If by any chance sprout cotton appears in 
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the spring, every plant of it should be destroyed to prevent its nourish- 
ing the weevils which may have survived. The practice of allowing 
sprout cotton to grow in a field of planted cotton can not be too 
strongly condemned. Certainly if planters could appreciate the fact 
that these occasional plants will, under usual conditions, enable the 
weevils to do much greater injury to the main crop, they would be very 
careful to destroy them. If planters in southern Texas fully appre- 
ciated the importance of this menace, there would soon be developed 
a strong public sentiment which would compel every planter to adopt 
methods which would prevent the occurrence of sprout cotton. It 
is entirely possible in a great majority of cases for the planter to 
insure for himself the beneficial effect of a large reduction in the 
number of weevils surviving hibernation, such as would result from 
occasional winters of unusual severity, even during seasons which 
would be favorable for the survival of large numbers of weevils. 
This, then, is the part of cultural practice which may be made to 
regularly supplement or possibly supplant the. beneficial effects 
which are occasionally experienced by an exceptionally large degree 
of natural control through severe climatic conditions during the 
winter. 
? RELATIONSHIP OF FACTORS OF CONTROL. 


It is evident that these factors, which are but the extreme fluc- 
tuations in climatic conditions, will only occasionally exert their 
maximum effect, and that under normal conditions of temperature 
and humidity other factors, having a more constant average effi- 
ciency, may surpass climatic variations in their controlling effect 
upon the weevil. It is to a study of some of these average factors 
that the present paper will be mainly devoted. Among the factors 
concerned in the natural control of the boll weevil in the United States 
to which especial attention has been given may be mentioned heat 
or drying, native ants, proliferation, parasites, the limitation of the 
weevil’s food supply by the work of the cotton leaf-worm (Alabama 
argillacea Hbn.), and birds. 

In this bulletin special consideration will be given to the effects of 
heat or drying, native ants, and parasites. Proliferation® was 


a “*Proliferation,’’ as the term is used in connection with cotton, refers to a phe- 
nomenon which frequently follows the attack of weevils or other insects in cotton 
squares and bolls. It may be defined as the development of numerous elementary 
cells from parts of the bud or boll which are themselves normally the ultimate prod- 
ucts of combinations of much more highly specialized cells. The resulting product is 
thus composed of comparatively large, thin-walled cells, which are placed so loosely 
together that the formation is of soft texture and has a granular appearance which 
may be seen with the naked eye. Proliferous formations lack the distinctive texture 
which is characteristic of the normal parts of either bud or boll. The consistency of 
the formation is soft and yielding, resembling somewhat a rather soft gelatin. From 
this apparent resemblance the term ‘‘gelatinization” is sometimes used instead of 
proliferation. 
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studied extensively in 1905, and the most important results of the 
investigation have been published.¢ 

The work of parasites and the possibility of making them even 
more valuable in the fight against the weevil is considered fully by 
Mr. W. D. Pierce in another bulletin of this Bureau.’ The relation- 
ship of birds to the boll weevil has been treated in several publica- 
tions, principally by the Biological Survey. ° 

The study of the influence of the leaf worm upon weevil control 
will reqitire at least another season before the results can be suffi- 
ciently complete for publication. 

The work with proliferation was continued in 1906 only as far as 
seemed advisable to confirm preceding results and conclusions. It 
was found in 1905, in over 8,000 examinations, that proliferation 
produced an increase in weevil mortality, averaging, for squares and 
bolls together, about 12.5 per cent. From the data following in these 
pages it appears that there is an average mortality not attributable 
to heat or drying, ants, or parasites, among over 80,000 obser- 
vations of squares and bolls together, averaging slightly over 12 per 
cent. The confirmation of previous conclusions is evident, but in 
reference to both it should be stated that the figures recorded must 
be considered as a conservative statement of the value of this factor, 
since it must be admitted that it may become effective in many cases 
even before the hatching of the weevil eggs and that it is practically 
impossible in a large series of examinations to determine whether an 
egg or very small larva of the weevil may have.been destroyed. It 
must also be considered that proliferation resulting from feeding 
punctures of the weevil and of other insects frequently proceeds to 
such an extent as to itself accomplish a destruction of both squares 
and bolls entirely disproportionate to the severity of the feeding 
injury which originally incited the proliferation. The value of pro- 
liferation as a factor in controlling the weevil is therefore offset in 
some degree by its tendency to continue beyond the remedial point 
and by its abundant formation under certain conditions of irritation 
when no weevil stage is present. 

The work with parasites has been sufficiently extensive to form a 
very reliable basis for further investigations which promise to give 
increasingly valuable results. The actual records of parasitism and 
the comparisons between this and other factors of natural control 
are given herewith, while the more special consideration of the con- 
ditions favoring parasite abundance, the biological study of the 
species found, and the possibility of increasing their effectiveness 


@ Bul. No. 59, Bureau of Entomology. (See p. 8 for bibliography of proliferation.) 

6 Bul. No. 73, Bureau of Entomology. 

¢ Bul. No. 51, Rurcon of Entomology, pp. 150-153; Buls. Nos. 22, 25, and 29, Biolog- 
ical Survey. 
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'may be found as given by Mr. W. D. Pierce in Bulletin No. 73 of the 
Bureau of Entomology. 

For many years the cotton leaf worm (Alabama argillacea) has 
been considered as an important cotton pest throughout the South, 
though the severity of its injury to the crop has been less during 
recent years than it was formerly. It now appears in destructive 
numbers only during the latter part of the season, usually after the 
crop begins to mature, and is not infrequently a welcome visitor. 
Kspecially in rank late cotton its destruction of the foliagg. enables 
light and air to penetrate more readily, thus preventing the decay of 
bolls lying on or near the ground and greatly facilitating the maturity 
of the crop. For this reason comparatively few planters now look 
upon.the leaf worm as a pest to be controlled by the application of 
insecticides. Succeeding generations of the caterpillars remove an 
increasingly large proportion of the foliage until the plants may be 
finally stripped bare repeatedly before the close of the season. 

The significance of the leaf worm in the control of the boll weevil 
rests directly upon its effect upon the food supply of the latter species. 
As the weevil has no other food plant than cotton, its final multi- 
plication before the end of the season is usually limited directly by 
the abundance of squares and bolls within which it may breed. The 
defoliation of the cotton by the leaf worm stops immediately the 
formation of squares and the subsequent possibility of the setting of 
bolls. Further development of the weevils is thus abruptly checked. . 
The maturing bolls may continue to give out weevils for some weeks, 
and previously infested squares may add to the number of adult 
weevils for from one to two weeks, but the sudden removal of the 
food supply and of the shelter usually enjoyed by the adults causes 
great mortality among them. Many weevils leave the bare fields in 
search of food, and thus, in various ways, the number of weevils in a 
field where the leaf worms work abundantly and thoroughly becomes 
very greatly reduced. If the leaf worms continue to strip the cotton 
until late in the fall there will be no possibility of an increase in the 
number of weevils. The leaf worms may actually accomplish what 
is practically a more or less complete early destruction of the cotton 
plants and a cleaning up of leaf rubbish in the field. Where this is 
the case it is safe to assume that so few weevils will survive or hibernate 
that a very positive benefit may be experienced during the following 
season, and if climatic conditions should favor the growth of cotton, 
a crop may be secured with comparatively little injury by the weevil. 

Defoliation by the leaf worm may be especially effective if it should 
happen to be followed by winter climatic conditions which are_ 
exceptionally severe, so that only those weevils which found the most 
favorable hibernation shelter would naturally survive. The leaf 
worm does not, however, often occur abundantly during two succes- 
Sive seasons in Texas. Its work is often local and only partial in the 
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field attacked. Frequently the plants leaf out and form squares 
after having been defoliated. It must, therefore, be placed rather 
low in the list of factors concerned in the natural control of the boll 
weevil. 

It is possible that something can be done’to increase the efficiency 
of this factor or to render it of more constant value, especially in such 
regions as the Red River valley of Louisiana, where the worm occurs 
with considerable regularity. It is evident, however, that the planter 
Should not rely upon the leaf worm to secure the destruction of his 
stalks at as early a date as the picking of the crop may render possible. 
At present in the bulk of the infested territory it may be considered 
as an occasionally valuable factor, but the completeness of the con- 
trol resulting from its occasional work is a most valuable demonstra- 
tion of the effect which it is possible for the planter to secure quite 
regularly by himself destroying the food supply of the boll weevil 
early in the fall. 

The irregularity of the leaf-worm attack makes it necessary that 
final conclusions as to its value in controlling the weevil be based 
upon observations extending over a number of years, but the data 
already collected show conclusively that with these two important 
pests of cotton present in abundance the leaf-worm work is a most 
positive benefit to the planter; and if it secures continuous defoliation 
until too late in the season for the weevil to resume its breeding, this 
may result in the practically complete control of the insect for the 
following season. 

There can be no doubt that birds are an important factor in pre- 
venting the extraordinary multiplication of many species of insects. 
Considerable attention has been given to the determination of the 
value of various birds as destroyers of weevils, and this important 
work is being continued by the Biological Survey. These records 
show that birds do not yet constitute a very important factor in 
controlling the boll weevil. There are several reasons for this. The 
habits of the weevil are such that the adults are but slightly exposed 
to the attack of birds, except during the season of the fall dispersion. 

In Cuba Mr. E. A. Schwarz has determined that a bird (/cterus 
hypomelas) has learned to tear open the fallen squares and eat the 
weevil stages infesting them, but in the United States no bird has 
yet acquired such a habit. The season at which birds capture most 
weevils is during the dispersion in the fall months, when the weevils 
are flying most abundantly. The destruction of a large number of 
weevils late in the season can not, however, be as effective in con- 
trolling the weevil as would be the capture of a comparatively few 
during the hibernation season or in early spring, but during the first 
half of the season very few birds frequent the cotton fields. For 
these reasons birds must be ranked low among the controlling factors, 
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but it is possible that they will gradually acquire an increasing 
importance the longer the weevil remains abundant. _ 

There are other factors which are, or may become, of relatively 
great importance in the fight against the weevil. Some of these have 
been but slightly investigated. It is safe to assume that the factors 
which have been mentioned include those which have thus far proved 
to be of greatest importance in holding the weevil in check to some 
extent. 

The relative value of these factors is certain to change suddenly, 
and when one assumes a position of predominant influence the others 
must undergo a readjustment of relative position. It is certain that 
the efficiency of predaceous enemies and of parasites is gradually 
increasing, while it is probable that the gradual adaptation of the 
weevil to its new environment is rendering it more resistant, espe- 
cially to the effects of the adverse climatic factors. Additional 
observations of the effects of these opposing tendencies should bring 
to light facts which will be of general significance in connection with 
the study of many other pests besides the boll weevil. 

The area infested by the boll weevil in the United States now 
reaches a total of between 175,000 and 200,000 square miles. Of 
course but a small percentage of this enormous acreage is actually 
devoted to cotton culture, but the range in geological conditions is 
naturally great. Thus in Texas cotton is cultivated extensively on 
five or six very distinct geological areas each furnishing more or less 
distinctive conditions of environment affecting faunal, floral, and 
shelter conditions which may at any time prove to have an impor- 
tant significance in the weevil status. 


INVESTIGATIONS SHOWING CONTROL BY HEAT, ANTS, AND 
; PARASITES. 


Observations of the effect of various natural factors in controlling 
the weevil have been accumulating since the beginning of the boll 
weevil investigation. The earlier records, however, were not made 
to include the simultaneous effect of several factors, and the records 
presented in this connection are therefore confined to the observa- 
tions made during 1906. 

Heat and drying are considered together, as their effects upon the 
immature weevil stages are coincident and inseparable. The efli- 
ciency of this factor naturally follows seasonal variations, but it is 
largely affected by the distance between rows, the size of the plants 
and density of their foliage, the season of occurrence in relation to 
the state of the cotton crop, and by cultural conditions. 

Whenever ants are referred to in succeeding pages it should be 
understood that no reference is intended to the Guatemalan ‘kelep”’ 


(Ketatomma tuberculatum Oliv.), which has failed to maintain itself in 
Texas. 
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The native ants concerned in the control of the weevil are princi- 
pally of the genus Solenopsis and varieties of the species geminata 
(fie. 2); 

The principal points in the characterization of this species are as 
follows: There are two distinct nodes or scales in theslender petiole 
of the abdomen. All forms but the male have a sting (PI. IT, fig. 2). 
The antennz (PI. II, fig. 3) are ten-segmented; the club is formed 
of the last two segments, of which the terminal one is the longer. 
Maxillary and labial palpi have each two segments. The clypeus 
has two longitudinal ridges and the sting is very large. The color 
varies, but the workers aeteie seen are “of a dark reddish. brown, 
the color of the abdomen being often considerably darker than that 
of the head and thorax. Length of workers from 2 to 3 mm. 

These ants form nests near the surface of the ground. All stages 
of development and forms of adults: may be found in these nests 

practically throughout the summer season. 
The individuals which are most active, if 
not in fact those which are alone concerned 
in the attack upon the weevil, are the 
smaller workers which are commonly to be 
seen outside of the nests. In Plate II, 
figures 5 and 6, are shown some of the 
immature stages of this species. The 
queen larve are very much larger than 
the worker forms as is shown in the illus- 
tration. The pupe are naked, and as they 
approach maturity the color gradually 
changes from a translucent white to a dark 
c brown. | The active worker form is shown 
Fig. 2.—Solenopsis geminata, ant ene- in Plate II, figures 1 and 4. 
‘hom Heater ont Hinds, > This species shows a tendeney tor mest 
within the shade formed by the plants, and 
is to some extent out of the reach of ordinary cultivation by being 
close to the middle of the rows. The breaking up of a nest, however, 
does not seem to drive them away or to interfere seriously with their 
activities. In Plate III, figure 2, are shown cotton squares which 
have been entered by these ants and in which weevil stages have 
been destroyed. A comparison of the external resemblance of these 
entrance holes with the exit holes made by weevils is shown in Plate 
III, figures 1 and 2. 

Since, in external appearance, the emergence holes made by adult 
weevils in escaping from squares resemble very closely the entrance 
holes made by the Solenopsis ants in obtaining access to the weevil 
stages In a square, it seems advisable to add a brief explanation of 
the manner in which these two classes of squares may be positively 
separated. In all cases the final determination as to the class in 
which a square belongs rests upon an examination of the interior. As 
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Fig. 1.—Adult, small worker form. Fig. 2.—Sting of worker. Fig. 3.—Right antenna of worker. 
Fig. 4.—Adult workers, various sizes from workers minor to workers major. Fig. 5.—Larve 
and pupe of small forms of worker. Fig. 6.—Laryee of queens compared with larva and pupa of 
small forms. Fig. 7—Workers dragging off adult boll weevil which they have killed. Fig. 1, 
enlarged to 7 diameters; figs. 2 and 38, to 40 diameters; figs. 4, 5, and 6, to 4 diameters; fig. 7, 
to 2 diameters. (Original.) 
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a general thing the emergence hole made by the weevil (PI. ITI, fig. 1) 
is more regular in outline and somewhat larger in area than are the 
entrance holes made by the ants.’ Upon opening the square carefully 
it will be found that if a weevil has reached full development therein 
and emerged, there will be found present three definite signs which are 
not present in cases where ants have destroyed the weevil stage. One 
of these signs is the delicate white skin which is shed by a pupa 
when the weevil transforms from that stage to its adult condition. 
(Pl. III, fig. 5a.) This is usually so shriveled and twisted as to have 
no resemblance whatever to the outlines of a living pupa and is fre- 
quently more or less hidden in the débris which constitutes the second 
sign. This is a rather abundant mass of fine particles which have 
been torn from the square by the weevil in cutting its emergence hole. 
These are not eaten by the weevil but are left within its cell (Pl. IT, 
figs. 3 and 5b). The third sign of adult activity consists of a number 
of particles of white excrement which are almost invariably deposited 
by the adult weevil before its emergence from the square (Pl. III, 
figs. 3 and 5c). These three signs are absent in cases where ants 
have entered and destroyed the weevil stages (Pl. IIT, fig. 4). 

The value of a study based upon statistical data becomes easily 
apparent to one engaged in a thorough study of such a subject as this. 
Without it there is a strong probability that the general impressions 
formed may not give proper credit to the influence of the various 
factors. Conclusions which are based upon the total effects of the 
various factors in a large series of observations must necessarily be 
more reliable. This must be especially true of the general average of 
results from a considerable number of localities and under a bonsider: 
able variety of geological and climatic conditions. 

The first division in the data as obtained has been secured by sepa- 
rating the cotton fruit into several classes, each of which may contain 
weevil stages which have been exposed to similar conditions. But 
four of these divisions have been retained in the arrangement of the 
data shown in Table III. These are, (a) hanging, dried bolls; (6) 
hanging, dried squares; (c) fallen bolls; (d) fallen squares. As a rule 
infested squares and small bolls are shed by the plant in from seven to 
twelve days after the weevil attack. Many small bolls, especially, 
are shed.normally, even though they may have suffered no injury 
from insect attack. This happens most commonly within a few days 
after the withering of the flower and before the young boll has made 
any growth. It may result from a failure in fertilization of the flower 
or the inability of the plant to sustain an excessive load of fruit. 
With both squares and small bolls, the shedding is accomplished 
naturally, just as is the shedding of leaves in the autumn, by the for- 
mation of an absciss layer of corky cells which cuts off the fibrovascu- 
lar bundles through which the sap is supplied, thus destroying the 
vital connection between the bud or boll and the plant branch. The 
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exact location of this cork area is shown by the scar left by a fallen 
leaf or square. It frequently happens, however, that for some reason 
the severance is incomplete and that the square or boll remains 
slightly attached to the plant though cut off as far as the vital con- 
nection is concerned (PI. IV, figs. 2 and 3b). The difference in these 
two conditions may be seen and better understood by reference to 
Plate IV, figures 1 and 2. 

The tendency to retain dead squares and bolls seems to be a charac- 
teristic of individual plants in nearly all varieties, but is most strongly 
marked in those which approach the limbless, cluster type of growth. 
In some fields the hanging, dried forms may be found very abun- 
dantly, while in others at the same time they may be very rare. 

The retention of squares and bolls bears no definite relationship to 
the boll weevil injury, as many of the small bolls, especially, have 
never been attacked. 

It is evident that the immature saat stages in those forms which 
remain hanging upon the plant will be subjected to very different 
influences by the factors of natural control from those in fallen forms. 
This difference is especially marked as regards the exposure to the 
effect of sunshine and to the attacks of predaceous and parasitic 
enemies, and should be kept in mind in considering the data pre- 
sented in the following tables. 

An explanation should also be given regarding the counting of 
stages. Besides each weevil stage, living or dead, which was actually 
found, one stage was.counted for each case where there existed unques- 
tionable evidence of its previous presence. This evidence would 
include the emergence hole made by an adult weevil, the cell within 
a square or boll from which some stage of the weevil had been re- 
moved by ants, and also the cases of parasitism. Since dead stages 
accumulate through a considerable period of time, or so long as the ~ 
forms remain intact, and will be found and counted upon examina- 
tion, it becomes necessary in determining percentages of mortality to 


count emergence holes as representing living adults which, of course, 
is really the case. 


It would require too much space to give the detailed results of each 
of the examinations made. For each locality, therefore, all the obser- 
vations made have been combined. This means in most cases that 
the figures given in these tables represent an average of several fields 
in each locality, and in seventeen of the twenty-eight localities where 
observations were made the figures combine the results of examina- 
tions upon from two to nine dates. 


NATURAL CONTROL IN VARIOUS CLASSES OF FORMS. 


In collecting the forms for these examinations all were taken as they 
came, whether fallen, or dried and hanging to the plants. The green, 
growing forms were not examined. 

Separate collections were made to secure hanging or fallen for ms. 


Bul. 74, Bureau of Entomology, U.S. Dept. of Agriculture. PLATE III. 


SIGNS DETERMINING BOLL WEEVIL EMERGENCE OR ENTRANCE OF ANT SOLENOPSIS 
GEMINATA. 


Fig. 1.—Emergence hole of boll weevil in cotton square. Fig. 2.—Entranee holes of ants in 

squares. Fig. 3.—Evidences of adult activity in square from which weevil emerged. 

Fig. 5.—The three evidences of adult 

weevil activity, removed from square: a, Shed pupal skin; b, refuse formed in cutting emer- 

gence hole; ce, excrement of unfed, young adult. All, except fig. 2, enlarged to 4 diameters; 
fig. 2, enlarged to 2 diameters. (Original.) 


& 


EN 


Bul. 74, Bureau of Entomology, U. S. Dept. of Agriculture. PLATE IV. 


SHEDDING AND RETENTION OF FORMS IN COTTON. 


Fig. 1.—a, b, ce, Normal scars left by shed forms. Fig. 2.—a, b, ec, Abnormal sears with forms 
retained. Fig. 3.—a, Longitudinal section through normal sear; b, longitudinal section 
through base of retained form. Fig. 1, natural size; fig. 2, somewhat reduced; fig. 3, 
enlarged to 2 diameters. (Original.) 
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From a study of the totals in each section of this table it appears 
that the highest average percentage of mortality from all three 
causes considered was found among the fallen squares, where it 
reached 60.5 per cent. The next highest average mortality occurred 
in the hanging, dried squares, with 52.6 per cent. The mortality in 
the two classes of bolls is very similar, with 33 and 30.4 per cent. 

The data include only examinations of cotton forms which had 
been destroyed by some cause. In the majority of cases the de- 
struction of the form could be attributed directly to weevil attack. 
The data upon this point are stated in subsequent tables. . (See 
pp. 64-72.) 

A comparison of the mortality records in hanging versus fallen 
forms (including both squares and bolls) shows that among the 
9,663 stages found in hanging forms there was an average mortality 
of 40 per cent, while among the 29,328 stages im fallen forms there 
was an average mortality of 56 per cent. In hanging bolls the mor- 
tality is 30.4 per cent; in fallen bolls, 33 per cent; in hanging 
squares, 52.6 per cent; in fallen squares, 60 per cent. These figures 
show a consistent difference in favor of the fallen forms. 

Parasites work more freely in the forms that remain attached to the 
plants than in those which fall to the ground, but in neither class of 
forms is their work as important as is that of the ants or even the effect 
of heat or drying. From many observations as to the stage of the 
parasite at the time of examination and from a general knowledge of 
the time that must have passed between it and the parasite attack, it 
appears that, as a rule, the parasite egg is deposited at about the time 
the square or boll withers. If this be the case, it is probable that the 
increased length of time during which the forms that remain attached 
and dry upon the plant are exposed to the parasite attack may explain 
the greater percentage of parasitization found in the hanging forms. 
In hanging forms parasitization amounts to 9 per cent, while among 
fallen forms it averages only 2.8 per cent. 7 

The average total mortality among all classes of forms caused by the 
three factors was 52 percent. As the weevil does not pass beyond the 
influence of these factors of control until after it has become adult and 
emerged from the square or boll, it is evident that among the 13,000 
living stages found present there might still have occurred a very con- 
siderable mortality before all could have become adult and emergence 
taken place. The larval and pupal stages, which number over 80 per 
cent of all the living stages found present, are especially susceptible to 
the influence of the three natural factors of control under considera- 
tion. It would be very conservative to assume that fully one-half of 
the living stages present would have been destroyed had the forms 
been allowed to remain exposed to the influence of the factors of con- 
trol until all surviving adults could have emerged. This would have 


RETENTION OR SHEDDING OF INFESTED FORMS. Sil 


increased the destruction of weevil stages by these factors to about 68 
percent. , 


DESIRABILITY OF RETENTION OR SHEDDING OF INFESTED FORMS. 


Still another arrangement of general results may serve to show a 
comparison between the four classes of forms and between hanging 
and fallen forms. This arrangement is given in Table IV. It may 
serve to indicate for the entire infested area whatever general advan- 
tage there may be to the plant in the shedding or in the retention of 
its infested forms. 


TaBLe 1V.—Summary of mortality results shown in Table ITI, hanging and fallen forms. 


Weevil stages 


dead. Cause of death. Pro- 
Total (SES SS por- 
num- | Total Heat or were Recent ae ee 
: ber of | weevil Per drying. ere Stee Aree 
Class of fruit. | so.ms stages | Total lcent of Pome 


exam- |found.| num- | total |Num-| Per | Num-| Per |Num-| Per | each 
ined. ber. |stages| ber of |cent of] ber of |cent of] ber of |cent of| weeyij] 
found. | stages} total | stages | total | stages) total | stage. 

killed.|/found.| killed. |found. | killed.|found. 


Hanging forms: 
Dried, hanging 
boll 


Sei wal. 17,359 | 5,483 | 1,650; 30.4 426 7.8 902 | 16.6 322 6.0 3. 20 
Dried,hanging 
squares..... 7,004 | 4,230] 2,227] 52.6 804 | 19.0 883 | 20.9 540 | 12.8 1. 66 


Totals, hang- 
ime forms J=-| 24,363 | 9,663 | 3,877 | 40.2 | 1,230,| 12.9 | 1,785) 18.7 862 9.0 2, 52 


Fallen forms: 
Fallen bolls. ..| 22,685 4,618 1,523 33. 4 527 #1. 4 951 2 
Fallen squares} 39,908 | 24,710 | 14,885 | 60.8] 6,201 | 24.7] 7,806 | 32. 


Totals, fall- 
en forms ..| 62,593'| 29,328 | 16,408 56. 4 | 6,728 23.0 8,757 30. 0 823 2.8 2°13 


Summary of all 
forms: 
Hanging forms] 24;363 | 9,663 | 3,877] 40.2 | 1,230 | 12.9] 1,785 | 18.7 862 9.0 2. 52 
Fallen forms. .| 62,593 | 29,328 | 16,408 | 56.4] 6,728 | 23.0] 8,757] 30.0 823 2.8 2.33 


forms..... | 86,956 | 38,991 | 20,285 | 52.3 | 7,958] 20.5 | 10,542 | 27.2/1,685| 4.3] 2.28 
| 


The possibility of weevil damage having any relation to the reten- 
tion of forms by the plant may be settled by a study of the proportion 
of weevil stages to each class of forms. 

The last column of the table shows the average proportion of each 
class of forms to one weevil stage found. It must be borne in mind 
that many squares and bolls are destroyed by the feeding of the 
weevils in which no eggs have been deposited. Undoubtedly in a 
great many cases a young larva may have died when no trace of its 
presence could be found at the time the examination was made. 
This would especially apply to the hanging forms. From the pro- 
portions given it appears that, among hanging forms, twice as many 
bolls were examined for each weevil stage found as in the case of 
squares, while among fallen forms the proportion is three to one. 
This indicates that there is practically no difference in the proportion 
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of weevil stages to squares, whether hanging or fallen, but that there 
is a natural tendency on the part of the plant to shed a large number 
of uninfested bolls soon after their formation and before weevil 
attack has taken place. Many of the dried hanging bolls also fail to 
show any sign of weevil attack. The attack of the weevils upon 
squares is, therefore, of much greater importance in their multiplica- 
tion than is their attack upon bolls. Here again the importance of 
natural control is shown by the mortality in all squares, amounting 
to almost 60 per cent, whereas in all bolls it was but 31.6 per cent. 

These figures show a remarkable similarity in the degree of infes- 
tation for the corresponding classes of fruit. This agreement is so 
close as to lead to the conclusion that the attack of the weevil has 
practically no effect upon the tendency of the plant to retain a portion 
of its surplus fruit in this way. 

The proportion of hanging to fallen forms is not accurately shown 
by the figures given here as no effort was made to collect the hanging 
and fallen forms from the same areas at each examination made. 
This proportion ‘varies very greatly in different fields and during dif- 
ferent: periods of the season, but it is safe to say that in the e-ami- 
nations recorded a much larger proportion of hanging, drv . ™° 
was collected than would be found in any ordinary field «. cotton, 
unless it were of some limbless variety, such as the Dickson. Among 
the forms examined, nearly 70 per cent of the squares and bolls had 
fallen. These fallen forms contained somewhat more than 70 per 
cent of all the weevil stages found. The proportion of weevil stages 
to forms is very closely similar in hanging and in fallen forms, but 
the percentage of mortality in hanging forms averages 40, while in the 
fallen forms it averages over 56 per cent. The relative importance 
of the mortality in the two classes of forms as related to the whole 
question of natural control is shown to a fair degree by a comparison 
of the percentages of mortality in hanging versus fallen forms, based 
upon the total number of stages found in the total number of forms 
examined. In this way we find that among the 38,891 weevil stages 
found the 3,877 dead in hanging forms constitute approximately 10_ 
per cent, while the 16,408 dead in fallen forms constitute 42.1 per 
cent. Since, as has been stated, the hanging forms examined are in 
a greater proportion to the fallen forms than actually occurs in the 
average field, it follows that it is conservative to say that, as a rule, 
the total mortality in fallen forms will average to be, at least, four 
times as great as that occurring in the hanging forms. Consequently 
the factors of natural control which affect especially the weevil stages 
in the fallen forms must be given a correspondingly high rank as 
compared with those which affect more especially the stages in the 
hanging forms. Figuring in this way for each of the three factors of 
natural control given, we find that heat or drying caused a mortality 
of 3.2 per cent in hanging forms and 17.5 per cent among fallen forms, 
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RETENTION OR SHEDDING OF INFESTED FORMS. ao 


_ ants caused a mortality of 4.6 per cent among hanging forms and 22.4 


per cent among fallen forms, while parasites caused a mortality of 
2.2 per cent among hanging forms and only 2.1 per cent among fallen 
forms. 

The conclusions may also be drawn from a study of the proportion 
of weevil stages found dead in each class of forms, in connection with 
the factors causing death and the proportion of forms to weevil 
stages in each class examined. In this way it appears that the low- 
est total mortality was found in the hanging bolls which dried upon 
the plant, being in this case 30.4 per cent. For fallen bolls this per- 
centage was 33.4, in hanging squares there was a mortality of 52.6, 
while in fallen squares it amounted to 60.8 per cent. Taking next a 
comparison of hanging and fallen forms, it appears that there was an . 
advantage during the season of 1906 of 16.2 per cent greater total 
mortality among the fallen forms. 

As to the factors which were most effective in producing this mor- 
tality, it appears that among hanging forms ants produced 46.5 per 
cent of the total mortality found, while in fallen forms they were 
responsible for 53.2 per cent of the total mortality. It is evident, 


ofl... \yge, that in either hanging or fallen forms Solenopsis geminata 


was the-most important summer factor in 1906 in controlling the 
weevil. When it is considered that a large majority of the infested 
forms fall, it becomes still more certain that the effectiveness of the 
factors naturally tending to control weevil multiplication is greater 


_ when the infested forms are shed than when they are retained by the 


lant. 
‘ From these data it appears that it is more desirable that plants 
shed their infested forms completely and quickly after the infesta- 
tion takes place than that they should retain them, allowing the 
weevil stages therein to develop under the smaller influence of natural 
control to which they would then be subjected. 


MORTALITY IN BOLLS VERSUS SQUARES. 


It should be stated that in these examinations no attempt was 
made to determine the mortality among weevil stages in large bolls 
which continued their development in site of the weevil attack. 
In such bolls it is obvious that heat or drying can have had little if 
any effect upon the weevil stages. Ants do not enter green, growing 
bolls, though they frequently destroy weevil stages which become 
more easily exposed to their attack through the opening of the bolls. 
Instances have been found of parasitism of weevil stages in large 
bolls. Proliferation is, however, an active factor which has been 
found in the examination of more than 12,000 locks to produce an 
increase in mortality of weevil stages amounting to between 6 and 7 


per cent. 5 
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For this comparison the figures given in Table III are combined 
for bolls and for squares. 


TasBLe V.— Mortality in bolls versus squares. 


: s 
5 Per cent of mortality ‘Per cent of 

Total core) | Per cent | caused by— | total 
forms i stages | of oe tea | ‘mortality, 

amined. alive | Para- three 

found Heat. Ants. | sites factor 

SOUS ep etete eke EE PER Bie 8 40, 044 10, 051 64.5 9.5 18.4 3.6 31.6 
SOURCES eset coe Ree ee 46, 912 28, 940 36.1 24.5 30.0 4.6 59.1 


Several general conclusions may be drawn from the study of these 
figures. In bolls nearly two-thirds of all the stages found were alive, 
_while in squares the living stages constituted but slightly more than 
one-third of the total stages found. Heat is about two and two- 
thirds times as effective against the weevil stages in squares as against 
those in bolls. Ants are also much more effective in raising the 
mortality in squares. Parasites are slightly more active in attacking 
weevil stages in squares than in bolls, but the difference in this case 
is much less than in the case of ants or heat. From the combined — 
effect of these three factors there is.a total mortality averaging in 
bolls a little less than one-third, and in squares nearly three-fifths, 
of all weevil stages present. 

Among the 38,991 weevil stages found, 63.5 per cent of this total 
number occurred in fallen squares. It is evident, therefore, that the 
factors of natural control which are most effective in destroying 
weevil stages in fallen squares are the most important in restricting 
the summer multiplication of the weevil. It appears that the Solen- 
opsis ants and heat are the two most important factors in this con- 
nection. 

In these examinations it was impossible to account for eggs and 
very small larve, as the drying of much of the material and the decay 
present in another large portion would inevitably efface all traces of 
these stages even in cases where the work of the living larve was not 
sufficient to have done so. In the absence of positive data showing 
the mortality in these young stages, no attempt wiil be made to esti- 
mate the mortality that undoubtedly does occur early in the weevil’s 
development. It is certain that the average of the smallest larve 
found would not be more than one-third or possibly one-fourth 
grown, but the data given for the stages above the one-third grown 
ieee are thoroughly reliable. 

It is therefore safe to say that the mortality of the boll weevil 
throughout the infested area, as represented by twenty-eight well- 
distributed localities, during the period from June 16 to October 15, 
1906, from the fects of heat or drying, ant, and parasite aie 
averaged not less than 65 or 70 per cent of all the weevil stages sur- 


MORTALITY IN BOLLS VERSUS SQUARES. 35 


viving beyond six or seven days from the deposition of the eggs. Jf 
to this percentage we add the 12 per cent which were found dead 
- from some cause other than the three under consideration, but prin- 
cipally due to proliferation, we have a total mortality of from 75 to 
80 per cent. 

The average length of the developmental period from June to 
October is shown in Bulletin 51, Bureau of Entomology, page 94, to be 
between eighteen and twenty days. The mortality shown by these 
records occurs, therefore, during the last two-thirds of the period 
between the deposition of the egg and the emergence of the adult 
weevil. When it is considered that a considerable proportion of eggs 
and very young larve must also be destroyed, it becomes increasingly 
apparent that but a very small percentage of the total number of 
eggs deposited by the weevils in a field of cotton produce adults. 

It may seem that this tremendous destruction of weevil stages 
would be sufficient to bring the weevils under practical control so 
that the comparatively small remainder would produce little injury 
to the crop. Such, however, is not the case. The fact is that in 
nearly if not quite all of the fields examined the weevils were so 
abundant as to destroy a large portion of the crop, and in most cases 
it is probably true that the multiplication of the weevils was finally 
limited by the amount of food supply present rather than by the 
destruction of the weevil stages by all these factors of natural control. 
This does not mean that the crop did not benefit by the destruction 
of weevil stages accomplished, for had it not been for this checking 
of the possible multiplication of the weevils few of the fields could 
have produced a crop that would have been worth, the picking. 

Were it not for the fact that in nearly all cases the destruction of 
the weevil stage occurs only after the weevil has destroyed the cotton 
form, the crop might be-much more largely benefited by this natural 
control. Without the natural control existing, cotton production 
within the weevil-infested area would be impossible; with it alone, the 
continuance of cotton culture may still be possible; but only by sup- 
plementing the work of nature by the most practicable methods known 
can the balance be thrown largely in favor of the planter in producing 
a very profitable crop. 


NATURAL CONTROL IN VARIOUS LOCALITIES. 


In the sections of Table III the data are divided according to the 
class of forms examined in order to make apparent the varying dif- 
ferences in the effects of the several factors of natural control upon 
the weevil stages.in each class of forms. In studying the combined 
effect, which is really the measure of control in any locality and for 
any period of time, this separation into classes is no longer necessary. 
For this reason the figures given in Table VI represent a combination 
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of the four classes given in Table III. It is proposed to show for each 
locality the proportion of the total mortality due to each of the three 
factors, a comparison of the mortality in each stage of the weevil— 
larva, pupa, and adult—and the general climatic conditions prevail- 
ing during the period covered by the examinations. In this way it 
may be possible to show whether any particular combination of cli- 
matic conditions prevailed in coincidence with the highest percentages 
of mortality found, or whether the percentages may vary widely 
under similar climatic conditions so that the real explanation for the 
variation must be due to other causes than climatic differences. In 
this table, as in Table III, the percentage of mortality in larval, pupal, 
and adultstages is based upon the total numbers of those stages which 
were found alive or which had died from the effects of heat or drying. 
It seemed impracticable to attempt the determination of the stage of 
the weevil destroyed by ants and parasites, though in many cases 
it would have been possible. The ‘“‘total of weevil stages found” 
includes those found alive, those killed by heat or drying, and those 
which had died but probably from some other cause than heat, and 
each weevil cell emptied by ants as well as each instance of parasite 
" occurrence. 

In the column showing ‘‘total mortality from three causes”’ it 
may be seen that the range is from 0 to 84 per cent, with the average 
at 52 percent. Eleven localities show a mortality above the average 
and seventeen below it. For the eleven the average mortality is 
63.2 per cent, while for the seventeen the average is but 34.2 per cent. 
It is noticeable that nearly all of those showing the higher percentages 
are located below or south of the center of cotton culture in Texas. 
The figures in Table VI show the conditions for mortality by these 
three factors, and also give in each locality and in a general way the 
climatic conditions prevailing during the period of examination and 
for ten or fifteen days previously. In cases where no records are 
available, those are used for a near-by locality having weather con- 
ditions probably similar to those of the locality in which the examina- 
tions were made. The totals in this table show the general facts 
concerning mortality under average conditions in the twenty-eight 
localities representing in a general way the infested area. Besides 
the comparison as to mortality by each of the three factors repre- 
sented there is a general record showing the mortality found in each 
stage of the weevil from heat or drying. The records of the four 
principal classes of forms examined are combined in this table. 

It is shown that the mortality from heat in the larval stage amounts 
to 52.6 per cent, in the pupal stage to 18 per cent, and in the adult 
stage to 6.3 per cent. Nearly 70 per cent of all the mortality caused 
by heat or drying occurs, therefore, during the larval stage. An 
early shedding of infested forms is plainly very desirable, 


; 
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Ants (Solenopsis geminata) accomplish a greater destruction of 
weevil stages than heat and parasites combined. Parasites are decid- 
edly the least important of the three factors. 

So many conditions influence the effect of sunshine especially that 
it is difficult to determine whether there exists anything like a con- 
stant relationship between the maximum temperatures at a locality 
and the mortality from heat or drying. In some cases a relationship 
is evident which can not be regarded as merely accidental. The 
localities in which a comparatively small series of examinations was 
made should not be considered in this connection. 

The highest proportion of rainy days occurred at Calvert during July 
and August, being twenty-five in sixty-one days. The influence of each 
factor of natural control seems to have been greatly reduced by the 
excessive amount of rain (10.22 inches) distributed over so many 
days. The total mortality was but 15.1 per cent, distributed among 
the factors as follows: Heat 3.9 per cent, ants 9.3 per cent, parasites 2.1 
per cent. The high maximum temperatures occurring were evidently 
prevented from exerting their usual influence by the almost continu- 
ously wet condition of the ground. This produced a high percen- 
tage of relative humidity which would naturally favor the development 
of the weevils. 3 

Fortunately for this portion of our study an automatic self-regis- 
tering combined thermograph and hydrograph had been located at 
Calvert early in the season of 1906, and the records from this machine 
furnish valuable data regarding humidity conditions which could not 
otherwise be obtained. These records may be used in connection 
with Weather Bureau reports for the locality of Calvert and some 
interesting facts will appear. 

Around Calvert very light rains fell early in June, but from that 
time until June 25 there was no rainfall. The period from June 5 to 
June 25, 1906, shows an average relative humidity? amounting to 


a Relative humidity is the term used to denote the proportion of atmospheric mois- 
ture which actually exists as compared with the amount of moisture which it would 
be possible for the air to contain at any given temperature. If the air contains all 
the moisture possible, it is said to be “‘saturated” and this is the condition during 
fogs and sometimes, though not always, during rains. It is the condition of the air 
at a given point when dew is deposited. The relative humidity under this saturated 
condition is 100 per cent. The condition opposite to this extreme is a perfectly dry 
air in which the relative humidity is 0. The amount of moisture, or water vapor, 
which it is possible for a given amount of air to contain is much greater if the air be 
warm than if it be cold. Thus, taking a certain quantity of air containing a definite 
quantity of water vapor, the percentage of relative humidity will increase as the tem- 
perature is lowered and decrease as the temperature is raised. A low percentage of — 
relative humidity naturally promotes evaporation owing to absorption of the moisture 
by the drier air, while evaporation ceases, even from a water suriace, when the air 
becomes saturated. During the summer in central Texas the relative humidity - 
increases at a few feet above the ground during the nights until it reaches, as a rule, 
a maximum of between 90 and 95 per cent. During the day it decreases until in 
the warmest part of the afternoon it reaches a minimum of between 30 and 50 per cent. 
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about 69 per cent. From June 25 till after September 10 showers 
were of frequent occurrence and the records show during this period 
an average relative humidity of 75 per cent. Doubtless very signifi- 
cant facts might be learned if for other localities data similar to those 
obtained for Calvert were available for comparison. 


INFLUENCE OF CLIMATIC CONDITIONS ESPECIALLY. 


In further determining whether climatic conditions were the most 
important factors affecting the total mortality percentages, con- 
clusions may be more readily drawn by arranging the data in three 
eroups, ranging from the highest total mortality to the lowest. 
Group A may include the eleven localities having a total mortality 
above the average of 52 per cent, ranging from 84 to 52.5 per cent. 
Group B may include seven localities having a total mortality ranging 
from 51.4 to 39.4 per cent. The division between Group B and 
Group C is made because of the rather large difference in percentage 
of total mortality shown between 39.4 per cent, the lowest in Group B, 
and 28 per cent, the highest in Group C. Group C includes ten local- 
ities with the total mortality percentage ranging from 28 per cent to 
zero. Hach group is summarized to facilitate a general comparison 
of the average results of the observations made and of the average 
climatic conditions prevailing. The data are presented in Table VII. 
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From the eleven localities in Group A 52,334 forms were examined. 
This number constitutes 60.2 per cent of the total of the three groups. 
In these forms were found 23,947 weevil stages. This number consti- 
tutes 61.4 per cent of the total number of weevil stages found in the 
three groups. The proportion of weevil stages to forms examined in 
each of the groups varies but slightly. When we come to the total 
number of weevil stages killed by the three factors, we find in Group 
A 15,145 dead, which number is 74.7 per cent of the total mortality 
occurring in the three groups. This shows that in Group A there was 
actually an increase of nearly 15 per cent in the total mortality above 
the average proportion which might have been expected in this group. 
The average mortality occurring in Group A is 63.2 per cent. The 
percentage of mortality in Group A from each of the three factors is 
somewhat greater than the average shown in Table VI. For heat and 
drying this increase amounts to 6.3 per cent, for ants to 4.5 per cent, 
for parasites to 0.5 per cent. The greatest increase is therefore 
attributable to heat or drying and it might naturally be expected that 
the climatic records would show a considerably higher maximum 
temperature to account for this increased mortality. A comparison 
of the mean maximum temperature records for Group A with those for 
Groups B and C shows, however, an average difference of less than 2 
degrees. Between A and-C there is an average difference of but-0.1 
degree. In group A 27 per cent of the weevil stages found were 
destroyed by heat or drying, while in Group C, having almost identic- 
_ ally the same mean maximum temperature, the mortality from this 
cause is but 7.1 per cent—a decrease in Group C of 19.9 per cent. 

The percentage of mortality from ants shows an even greater dif- 
ference between Groups A and C than has just been shown for heat, 
amounting in this case to a decrease of 22.8 per cent. Certainly this 
difference can not be attributed to the variations in temperature 
shown for these groups. 

While unquestionably an unusual deficiency of rainfall is very 
important in checking the development of weevils, the difference 
shown in this table for the average monthly rainfall in each of the 
three sections can not account for the difference found in the total 
mortality from any of the three factors. Thus in Group A, having a 
monthly average of 3.39 inches, which is 0.89 of an inch above the 

average normal rainfall for the localities given, and an average of 6.2 
rainy days per month, the mortality from heat or drying averages 27 


percent. In Group B, for seven localities the average total rainfall is — 
2.6inches per month. For these localities this is a deficiency amount- — 
ing to 0.72 inches per month. We have here five rainy days per | 
month and the mortality from heat or drying is but 13 per cent, or less — 
than one-half the mortality found in Group A. Similarly, in Group — 


C, with a mean maximum temperature approximately the same as — 


ee ee 
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that in Group A and a total rainfall for each month averaging 3.75 
inches, which is 1.92 above the normal, there is a total mortality from 
all three causes averaging but 19.1 per cent, while that from heat alone 
averages but 7.1 per cent. A comparison of the mortality from ant 
work between Groups A and C shows in C a decrease which is very 
nearly proportional to that found for heat, while the reduction in 
parasite work is comparatively slight. 

These facts seem to point to the conclusion that other factors than 
climatic conditions must explain the variations in mortality which 
are shown in this table. Undoubtedly extreme variations in tempera- 
ture and rainfall are exceedingly important, but it is obvious that the 
average variation in these factors does not produce a corresponding 
variation in the mortality figures, such as might be expected. Evi- 
dently there are other factors modifying or neutralizing the effect of 
climatic variations, which if acting alone might produce more consist- 
ent results. ) 

INFLUENCE OF CULTURAL CONDITIONS. 


High temperature can affect the weevil stages only after the forms 
have fallen or been so cut off from vital connection with the plant 
that the sap flow is stopped and a drying of the form results. The 
effect upon the weevil stage will then depend upon the conditions of 
- exposure to the heat. If the square or boll remains hanging or dries 
upon the plant, the temperature in it will not rise as high as if those 
forms were exposed directly to sunshine upon the surface of the 
eround. If the square or boll falls to the ground, its position in 
regard to the shade of the plant will determine largely the degree of 
exposure to the heat of the sun and, consequently, the probability as to 
_the survival or destruction of an inclosed weevil stage. The direction 
in which the rows run, and more especially the open distance between 
plants, will affect the exposure of the fallen forms to the direct action 
of the sun. The dryness of the surface soil is another factor which 
will largely affect the drying of the forms and the mortality resulting 
‘from heat. The work of the living larve naturally produces a larger 
degree of moisture in the infested forms than will be found in those 
which contain no weevil stage. If the conditions are such as to 
insure a very rapid and complete drying of the form within a few days 
after it falls to the ground, there is a strong probability that the 
_ weevil stages affected will be destroyed by heat or drying. If climatic 
or environmental conditions favor the weevil’s development until the 
pupal stage is reached, the condition of the form is then much more 
favorable for the entrance and attack of the ants. The ants seem 
to be able to recognize the presence of a living weevil stage within 
a form and rarely, if ever, enter forms in which the stages have pre- 
viously been destroyed by heat. If ants destroyed both parasite and 
weevil stages no evidence of the parasitism might remain. It is 
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possible ‘that the indiscriminate work of ants may explain, in part 
at least, the fact that fallen forms have invariably yielded a smaller 
percentage of parasites than have hanging forms. Referring to 
Table III, this difference in the percentage of parasite attack is shown 
as follows: In hanging bolls, 6 per cent; in hanging squares, 12.8 
per cent; in fallen bolls, 1 per cent; in fallen squares, 3.2 per cent. 
As the ants are already distributed in the cotton fields throughout the 
weevil-infested area, it is evident that their relative abundance in 
different localities may explain to a considerable extent the variations 
which have been found in the percentage of mortality resulting from 
ant attack. 

It has been found that all of the parasites which attack the weevil 
are native species having some other host which lives normally in some 
part of the vegetation surrounding the cotton fields. In no case can 
the weevil be considered as the primary or preferred host of any of 
these species. It has been found that in many instances the occur- 
rence of other weevils, living under such diverse conditions as in the 
buds, flowers, fruit, seeds, stems, roots, or in galls formed by the attack 
of some other insect, a large variety of weeds, or other common plants 
and of trees, directly influences the abundance of parasite species and 
explains variations which have been found in the extent of parasite 


attack upon the boll weevil. It is plain, then, that the abundant 


occurrence of some plant supporting a large number of other weevils 
which do not at all affect cotton may produce indirectly an abundance 
of some parasite species which is*capable of attacking the weevil. 
It is to be hoped that some of these parasites may ultimately develop 


a preference for the boll weevil as their host. This would seem to be — 


a possibility, because the boll weevil presents a continuous series of 
stages for parasite attack throughout the season, whereas in many 
cases it is known that parasites are forced by the short breeding sea- 
son of their original host to change from one host to another in order 
to continue their own reproduction throughout the season. The 
tendency of parasites to adapt themselves to this change in possible 
host conditions demands continued careful investigation. 

The note records concerning cultural conditions in the various fields 
investigated are not as complete as is desirable for this study, but a 
general summary of conditions as noted will be given to determine 
the possibility that cultural conditions may explain some of the 
variations which have been found in mortality. In Table VIII, Group 
A, the cultural notes are given for most localities recorded in Table 
VII, Group A. The same arrangement in regard to total mortality is 
retained. 
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From a careful study of Table VIII it is quite evident that no 
single cultural factor will be found to explain the varying mortality. 
The character of the soil in each group varies from sandy postoak to 
black river bottom. The direction of the rows fails to show any con- 
sistent relationship to the proportion of weevil stages destroyed. 
_ The condition of cultivation was recorded for but few fields, and may 
practically be disregarded because of the lack of data. In the column 
for spacing of plants among the remarks are some points which were 
undoubtedly influential in producing the mortality results shown. 
Table VIII should be studied in connection with Table VII. At 
Beeville it was noted that the stand was poor and that only one-half 
of the ground was shaded where the stand was good. A large propor- 
tion of the squares were infested as early as July 12, and fallen, 
drying squares were abundant on the ground. Referring to Table 
VII in connection with Table VIII, it will be seen that under these 
conditions, with only fallen squares and bolls examined, the mor- 
tality from heat was quite large, but that caused by ants was 
relatively more than three times as great. Had the ants not been so 
active, it is very likely that the percentage of mortality from heat 
would have been very much greater. As it was, so many weevil 
stages were destroyed by the ants soon after the forms had fallen 
that the mortality from heat was kept comparatively low. 

At Beeville about the middle of July the cultural notes indicate 
that the stand was uneven and that at best only about one-half of 
the ground was shaded. During July and August the climatic records 
show that the temperature averaged 1.5 degrees below normal, while 
the rainfall amounted to 1.42 inches above normal. Doubtless the 
excess of rainfall and the deficiency of heat are correlated. Under 
these conditions, however, there occurs the highest total mortality 
found in any locality, i. e., 84 per cent. Of this total mortality heat 
and drying was responsible for 20 per cent, while ants destroyed 62.8 
percent. In this case, therefore, it is evident that the ants were far 
the most important factor in producing the highest recorded per- 
centage in mortality, and it would appear that their work was favored 
by the conditions of open spacing, medium heat, and much moisture. 

At Overton the ants caused an even greater proportion of the total 
mortality than is shown above for Beeville. At San Antonio the 
examinations were not extensive, but the ants were responsible for 
the entire mortality found. In these three cases of highest total 
mortality the climatic factors would seem to have been much less 
important than was the abundance of the ants, which might have been 
influenced by local conditions. 

At Corpus Christi all of the examinations were made on July 10. 
The notes show that at that time the ground was about two-fifths 
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shaded, while it was very dry and had cracked deeply. The tempera- 
ture records at Corpus Christi (Table VII) show far less range in 
temperature than is found at most of the other localities, which are 
all situated farther from the coast. The mean maximum tempera- 
ture, therefore, appears to be relatively low, although the mean 
average temperature is 1.3 degrees above the normal for that locality. 
The weather records for May show that the temperature averages 1.3 
degrees above normal, while during that month the rainfall was 1.78 
inches below normal. June records show that the temperature 
averaged 1.7 degrees above normal, while rainfall was 1.63 inches 
below normal. July was also warm and dry, so that in this case the 
40 per cent of mortality ascribed to heat or drying is very evidently 
the result of the extreme drought which had prevailed during the 
preceding eight or ten weeks. The high total mortality at Corpus 
Christi appears, therefore, to be largely a direct result of the extreme 
drought in a very open field, together with the active assistance of the 
ants. | | 

At Hallettsville during August occurred the highest mean maximum 
temperatures found in any locality except Kerrville, although the 
mean average temperature was only 1.1 degrees above normal. The 


rainfall recorded was 1.54 inches below normal for the month. The — ; 


full effect of this drought was probably not realized because of the fact 
that during the month there were traces of rain upon eleven days, 
when the precipitation was not sufficient to be measured. The cotton 
was dying in places and green in patches, so that forms must have been 
largely exposed, and the high temperature and drought should have 
produced an even higher mortality than the 31.7 per cent found for 
thisfactor. The effect is probably also modified by the fact that dur- 
ing July nearly the normal amount of rain had fallen, so that the ground 
during August was not nearly as dry as it was at Corpus Christi during 
July. At Hallettsville, also, ants were responsible for more than the 
average percentage of mortality. An explanation of the reasons for 
the great difference shown in the effect of heat, especially between 
Hallettsville and Kerrville, may be given at this point. A direct 
comparison of the Weather Bureau records will show at a glance how 
the influence of one important factor may be essentially affected by 
other related factors, and in this case it will afford an ample explana- 
tion of the mortality from heat, amounting to 31.7 per cent at 
Hallettsville, with a mean maximum temperature of 95 degrees, and 
only 3 per cent at Kerrville, with a similar temperature of 95.3 degrees. 
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Taste 1X.—Lxplanation of variation in temperature effects at Hallettsville and 
Kerrville, Tex. 


Temperature conditions. Rainfall and cloud conditions. 
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Such differences as those shown in rainfall and cloud conditions 
are entirely sufficient to explain the difference in the effectiveness of 
similar maximum temperatures. 

At Cuero the month of June was extremely hot and dry, showing a 
temperature averaging 4.6 degrees above normal and rainfall 2.04 
inches below normal. These conditions are probably responsible for 
the major portion of the crop that was set in that lochlity. During 
July there was an excess of rainfall amounting to 2.63 inches, while 
during August the excess amounted to 0.77 inch. While the mean 
average temperature for August was 1 degree below normal, the 
mean maximum temperature ranged very high. In this case it 
appears that the mortality from heat or drying, amounting to 29.5 
per cent, was due not so much to drought as to the fact that the 
maximum temperature experienced during the month reached 95 
degrees or higher upon nineteen days. In this case, apparently, heat 
may have been the important factor rather than drying. 

At Waco, Junction, and Victoria, Tex., the mortality is very 
evenly divided between heat and ants, the excess at Waco being due 
to a much larger percentage of parasitism. At Brownsville a large 
proportion of the mortality appears to have been due to heat, and 
this would seem to be a natural condition for that locality. 

The study of the data shown in Tables VII and VIII for the locali- 
ties in Group B indicates similar conclusions for those shown for 
Group A. At Mineola, in a total mortality of 51.4, 31.5 per cent was 
due to heat or drying, and the remarks state that it was ‘‘very dry 
and hot” at the time the collection was made. 

At Trinity, with 50.5 per cent mortality, but 10.4 per cent was due 
to heat, while the destruction of stages by ants amounted to 37.7 per 
cent. The remarks show that although a large portion of the leaves 
had fallen from the plants because of a fungous disease, the excessive 
amount of rainfall would naturally prevent a large mortality from 
heat or drying, while the presence of ‘‘many Solenopsis” directly 
explains the large proportion of the total mortality which was due to 

11575—Bul. 74—07——-4 


50 NATURAL CONTROL OF THE COTTON BOLL WEEVIL. 


their work. During July the rainfall amounted to 8.36 inches, amply 
justifying the remark, ‘Much rain for past five weeks,” and fully 
explaining the low mortality from heat or drying. 

The remaining localities given in Group B and those which have 
been included in Group C show a continual decrease in total mortality. 
The decrease is more evident from the effects of heat or drying and 
from ant attack than it is from the attack of parasites. Thus in 
Group B tite average weighted percentage of mortality from the para- 
site attack is 3.8, while in Group C it is 3.3 per cent. From ant work 
in Group B there is a weighted average mortality of 26 per cent, while 
in Group C it averages 8.7. Mortality from heat or drying in Group B 
is 13 per cent, while in Group C it is but 7.3 per cent. It is evident 
that the extent of ant and parasite attack will be directly influenced 

-more by the abundance of the species concerned than by the climatic 
conditions under which they may work. It is impossible to determine 
whether ants or parasites are particularly abundant in any locality 
except by determining the proportion of weevil stages which they 
have destroyed, but the primary actual cause of their abundance may 
depend upon yery different conditions. 

It is possible that the.ants might be quite abundant and still attack 
the weevil stages but little if some other food supply were more easily 
available. It is manifestly more difficult to determine why mortality 
is low in a field than it is to determine what are the effective factors 
when it is high. From a comparison of Groups A and C in Table VIII 
it would appear that in Group A the predominant type of soil is sandy, 
while in Group C the soil is heavier and probably would tend to give 
a ranker growth of weed. This conclusion seems to be borne out by 
the remarks given for Group C, which indicate a heavy growth and a 
large degree of shade. This condition would decrease the efficiency 
of sunshine, and it is quite likely also that the soil conditions in these 
fields were not as favorable to the ants as in the more sandy locations. 

It has been generally considered that the weevil has done greater 
damage in river bottoms than in upland fields. This has been held 
to be due to the greater moisture of the bottom lands and the ranker 
growth of the plants grown thereon. From the considerations which 
have been mentioned it would appear that this idea is well founded, 
but that the difference is due in a possibly equal degree to the absence 
of ants in the river bottoms. If this be true, then the importance of 
strictly cultural methods in controlling the weevils in the bottom lands 
may be even greater than it is on uplands, since as a general rule the 
factors of natural control may be less effective in such locations. It 
is evident, however, that there is no definite line of division between 
the localities in which natural control will be most effective and those 
in which it will be least so. Only by continuing observations for 
several years will it be possible to determine at all definitely the class 
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of locations which will benefit most largely by the average effectiveness 
of these factors of natural control. 
INFLUENCE OF PERIOD OF INFESTATION UPON NATURAL 
CONTROL. / 
A rearrangement of the data given in Tables III and V may be used 
to give a comparison of the results according to the classes of forms 
examined for Louisiana and for Texas. The separation of the data 
for the two States is made to enable a comparison as to mortality in 


~arecently infested area, as in Louisiana, with an area which has been 


infested for a considerable time, as is the case with nearly all the 
ore : : a 
localities examined in Texas. 


Taste X.—Summary of results showing mortality in Louisiana and Texas resulting 
from heat or drying, ants, and parasites. 


Weevil stages killed. 
Toral-| Total) Total | Total |... (aaee He 
numbernumbernumber,) mor- Bent OF dry- | Ants. Parasites. 
State and class of of of of tality 8- 
fruit. forms | weevil | weevil by ze | 3 hl 
exam- | stages | stages | three Per Per |_| Per 
ined. |found.| dead. |causes.| Num-) cent |Num-| cent | Num-| cent 
| ber. joftotal| ber. joftotal| ber. of total 
| stages. stages. stages. 
Louisiana: Per ct. 
Hanging bolls..... 2,955 1, 163 458 | ~ 39.4 137 11.8 252 PAS TG 69 6.0 
Hanging squares..| 1,268 847 519; 61.3 175 20. 7 274 32.3 ‘70 8.3 
Fallen bolls.......- 2, 606 599 200; 33.4 54 9.0 141 23.9 5 0.8 
Fallen squares:...- 4,170 |" 2,508.) 1,031) 41:1 160 6.4 859 BENT 12 0.7 
Total, Louisiana-| 10,999 | 5,117} 2,208 43.2 526 10..3°| 1,526 29.8 156 3.0 
Texas: ' : | 
Hanging bolls..... | 14,404 | 4,270 | 1,192 27.0 289 6.8 650 15:2 253 6.0 
Hanging squares..| 5,736 |. 3,383 | 1,708 50.5 629 18. 6 609 18.2 470 13.9 
Fallen bolls......-- 20,079 | 4,019} 1,323 32.9 473 11.8 810 20. 2 40!, 1.0 
Fallen squares. .... 35, 738 | 22,202 | 13, 854 62.7 | 6,141 27.8 | 6,947 31.3 770 3.5 
Motel Lexas....| 75,957 | 33,874 | 18,077 58..5.'| 7,002 22.3 | 9,016 2657 | 0); 5383 4.6 
Total, Louisiana 5 | : 
And exass. . . - 86,956 | 38,991 | 20, 285 52.0 | 8,058 20.7 |10, 542 27.1 | 1,689 4.3 


Naturally the examinations in Texas cover a much larger number 
of forms than do those in Louisiana, amounting to 87.4 per cent of 
the total for the two States. The Louisiana forms show a slightly 
greater proportion of weevil stages to forms examined than do those 
from Texas, in the former case the proportion being one weevil stage 
to each 2.15 forms, in the latter State one weevil stage per 2.25 forms. 
This difference is, of course, but slight. 

In comparing the mortality results for the two States it appears 
that in Texas the total mortality averaged fully 10 per cent higher 
than it did in Louisiana. The smaller mortality found in Louisiana, 
being inevitably connected with a higher proportion of weevil develop- 
ment, doubtless explains sufficiently the slightly higher proportion 
of weevil stages to forms examined which was found in that State. 
A comparison of the mortality from each of the three factors shows 
that in’ Texas the mortality from heat or drying and from parasites 


exceeds that from these causes in Louisiana, while in the latter State 


the proportion of mortality due to the work of ants is slightly greater 
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than that found in Texas. Nearly all of the excess in total mortality 
found in Texas is shown to be due to heat or drying. A sufficient 
explanation for this difference in the effect of heat in the two States 
is not brought out by the notes. By reference to Table VII it may be 
seen that only one locality in Louisiana (Mansfield) is to be foundin 
Group A, which contains those localities having a total mortality 
ereater than 52 per cent. In that case it is quite evident that ants 
were responsible for about three-fourths of the total mortality found. 
It is also evident that the mortality from heat in that locality was 
ereater than at any other locality examined in Louisiana. This was 
doubtless due to the early defoliation of the plants by rust, but even 
in this case it was hardly equal to one-half of the average mortality 
from heat found in Group A. In Table VIII it is shown that all of 
the fields examined in Louisiana had a sandy soil. This soil condi- 
tion may have been related in some way to the larger mortality from 
ant work and to the smaller mortality from heat or drying, but further 
observations are needed to definitely determine the correctness of this 
supposition. It is noticeable that parasites are somewhat more active 
in Texas than in Louisiana, and the difference shown probably indi- 
cates fairly correctly the degree of adaptation to weevil conditions 
which the Texas parasites have undergone. This seems especially 
true in view of the fact that a general average of observations upon 
parasite attack made in Texas four years ago also showed 3 per cent, 
as do the Louisiana localities in 1906. 

In comparing the figures given for each class of forms in the two 
States some peculiar conditions are noticeable. Among hanging 
forms in Louisiana the total mortality averaged 48.6 per cent, while 
for the same class of forms in Texas the total mortality averaged but 
37.9 per cent. On the other hand, for fallen forms in Louisiana the 
average was 39.6 per cent, while in Texas it was 57.9 per cent. The 
reason why the percentage of mortality is higher in hanging forms 
than it is in fallen forms in Louisiana while it is higher in fallen than 
in hanging forms in Texas is not apparent. A tabular statement of 
these differences presents them most clearly: , 


Mortality caused by— 


) Total 
State and class of forms. Para- _mortal- 
: Heat. Ants. saben! ity. 
aoe NY aa TENS ss Mele op PANU Re Ee ee 15.5 26.2 | 6.9 | 48. 6 
Louisiana} Be eae Wee ORB LAL we? We! oc Begs at ea oe 6.9 32. 2. | 0.5) 39. 6 
anging . 2 Oa } 7h 
Taeetiaolt {Hanging Shs doh ty aa ae ROR es eae Eee a 12.0 16.5 : : ae 
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The conclusion that is strikingly apparent is that, for some reason, 
the mortality among the forms on the ground is much greater in 


Texas than it is in Louisiana from the factor of heat or drying. As ~ 


is shown in Table VII, the temperature differences are not sufficient 
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to account for the disparity if the conditions of exposure to the sun- 
shine were-at all similar. The difference of 3.5 per cent among the 
hanging forms is not great and it seems reasonable to assume that a 
generally more dense shade may have protected the fallen forms in 
Louisiana. This would possibly favor ant work but be unfavorable 
for destruction by heat and by parasites in fallen forms. 

From Table X, as a basis of comparison of areas which have been 
infested for different periods of time, it appears that in the territory 
infested but about two years the parasite attack amounts to only 
about two-thirds as much as it does where the weevils have been 
present for an average of five years. In neither case are they suffi- 
ciently abundant to be considered as a factor of great importance at 
present, but recent experiments indicate that it may be possible to 
greatly increase their utility. in the future. The Solenopsis ants do 
not seem to require a long period of time to become accustomed to 
the weevil’s presence, but attack the stages readily and probably in 
proportion to the abundance of the ants. It would seem that the 
effectiveness of heat may have been increased by the methods of 
cultivation of cotton which have been adopted by the planters in the 
older infested region in Texas. 


EFFICIENCY OF NATURAL CONTROL IN VARIOUS SECTIONS. 


In the sectional reports of the Weather Bureau for Texas the 
localities from which observations are reported are divided into seven 
sections, according to their geographic location and their simi- 
larity in regard to climatic conditions. In making a more detailed © 
locality study of the natural control of the boll weevil, it seems 
advisable to group the localities which have been examined upon the 
same general basis as has been done in grouping them for weather 
observations. The first two groups, western Louisiana and eastern 
Texas, have very similar conditions of climate, soil, flora, and fauna. 
In the group designated as southern Texas are found those localities 
which are included in the Weather Bureau reports as in the ‘‘coast”’ 
‘district, together with Cuero and Hallettsville from the ‘south- 
western’’ district. These localities would seem to be more closely 
identified with the conditions of the coast district than with those of 
southwestern Texas so far as weevil conditions are concerned. For our 
present purposes, therefore, we have formed five groups of localities in 
Texas and one in western Louisiana. It is somewhat unfortunate 
that the limitations of the printed page prevent the association of all 
the data which should be considered in a study of this kind, and it is also 
realized that it is a difficult matter to make comparisons and to draw 
conclusions from a table even as extensive asisTable XI. Webelieve, 
however, that it is better to present these data, so that anyone who 
may care to study the subject more fully than can be done in this 
bulletin may have the opportunity of referring to these figures. 
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A casual examination of the data given in Table XI will be suffi- 
cient to show that considerable variation exists in the mortality pro- 
duced by each factor in the same class of forms in even the most 
closely associated localities. This seems to prove the influence of 


local conditions affecting the mortality produced by the different, 


factors. From several considerations this would seem to be an 
encouraging fact, mdicating that it may be possible to change unfa- 
vorable conditions or to take advantage of those which are most 
favorable in regard to environment, cultivation, soil, ete. It is 
noticeable that in all classes of forms, in practically all localities, a 
large proportion of the mortality from heat occurs during the larval 


stage. In southern Texas alone does the larval mortality in hanging - 


dried squares fall below that in any other class of forms. In that 
case three-fourths of all larvee found in fallen squares were killed by 
heat, while in the hanging squares slightly more than one-half were 
thus killed. As a general average for the entire area about 53 per 
-cent of the larve, 18 per cent of the pupe, and 6 per cent of the 
adults had been killed -by heat. These percentages are very nearly 
in the ratio of nine, three, and one. It appears that the nearer the 
weevil stage approaches maturity the less susceptible is it to the 
adverse influence of heat or drying. This shows how important it is 
that the spacing of the plants be such as will submit the largest pos- 
sible proportion of fallen forms to the direct imfluence of sunshine. 
Whatever spacing may have been found advisable where weevils 
were not present, there can now be no question about the general 
soundness of the recommendation for increasing the space allowed 
each plant wherever the weevil is present in abundance. It is true 
that the efficiency of this factor under similar cultural conditions may 
vary widely during different seasons, and during different portions of 
the same season, but in any case the data given would seem suffi- 
ciently reliable to prove that under nearly all conditions, with the 
weevil present, wide spacing is advantageous. 

It was found impracticable to determine the effect of ant attack 
upon the various stages of the weevil. It may be stated that, in 
general, parasites were found to attack the weevil during the last few 
days of the larval stage. A considerable number of parasitized pup 
were found, and in a very few cases the weevil had become adult 
before death was caused by the parasite. As the parasite causes 
the death of its host very quickly after beginning its attack, the time 
required for the egg stage of the parasite should be taken into con- 
sideration in determining the time of attack, but it has been impos- 
sible, as yet, to determine the egg stage for any of the parasites of 
the weevil. — 


MORTALITY IN EACH CLASS OF FORMS FOR EACH SECTION. 


Some additional points in the comparison of the general results 
shown in Table XI may be more conveniently shown by such arrange- 
ment of the totals and average percentages as is given in Table XII. 
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Taste XII.—Comparison of mortality results by class of forms and section of State. 


| Totk Total number of Mortality per- 3 | Rank 
Ae Total | stages destroyed. centage. I Hig of rad 
Class of fruit and section| ber of | ZU™ prien sa “| tion by 
a . | ber of | ity ; 
of State. forms Staees | eye tact Para-| 44 2 Gabe] Para-| three | total 
exam- | ¢. | eat. | Ants. | oa. eat.| Ants. | o400 ltantare | mor- 
ined, | found. sites. sites. factors. tality. 
Dried hanging bolls: TEENS WIFE SIT ERG AN Zhi 
Western Louisiana...| 2,955 | 1,163 137 252 69) | 11.8.) (21.7 6.0 39.4 2 
Eastern Texas....... POPE: 621 29 74 46 a alae 7.4 24.0 5 
Southern Texas-.....- 2, 3261 928 49 109 27 Fay hy AIRS) 2.9 20.0 6 
Central Texas.......-. 4,906 | 1.358 144 234 LIB | LOE a7 2 8.4 28.8 | 3 
Northern Texas...... 4,604 | 1,362 67 232 67 4.9 17.0 4.9 26.9 | 4 
Southwestern Texas. . 310 1 0 1 0 0.0 | 100.0 0.0 | 100.0 | 1 
17,359 §, 433 426 902 322 7.8 16.6 G50, || heel n Ae |v ee te 
Dried hanging squares: pe 
Western Louisiana...| 1,268 847 175 274 20 « 2OS%4 22-3 8.3 61.3 2 
Eastern Texas....-... 800 604 102 119 COM eA AS) a bes! 48.2 3 
Southern Texas..-.-.. 3,028 | 1,848 322 301 2354 Lisa) LO. oo|se aaeg 47.0 4 
Central Texas... ..-- FelenehO 706 180 128 154] 25.5 18.1 21.8 65.4 1 
Northern Texas. ..... 225 110 18 19 9.) 16.4) L738 8.2 41.8 6 
Southwestern Texas. . 307 115 @ 42 | 2 Geile tres Ome ey 44.3 5 
7,004 | 4,230 804 883 540 | 19.0} 20.9) 12.8 O20) |e a ornceser: 
Fallen bolls: 
Western Louisiana...; 2,606 599 54 141 De we Or| 2da0 0.8 33.4 2 
Mastern Texas ..>... - 5,570 | 1,294 165 452 | Or plz onl) oOse 4.0 50.0 1 
Southern Texas..... Pest 2e0d isl 190 211 | LZ a Aaa GSO) |) eal 31.8 3 
Central Texas.......- 4, 466 796 92 LOGE ies 9) 1 AOS il gal 26.0 1 
Northern Texas...... 1,127 177 14 19 1 8.0 | 10.7 0.6 19.2 5 
Southwestern Texas. . 636 437 12 22 8| 2.7 5.0 1.8 9.6 6 
22,685 | 4,618 527 951 Abe petition hs 20 1.0 Bg val ale sied 
Fallen squares: 
Western Louisiana..-| 4,170 | 2,508 160 859 12 6.4] 34.2 0.4 43.0 5 
Eastern Texas....... 4,340 | 2,820 296 820 34} 10.5] 39.1 1.2 40.8 6 
Southern Texas...... 23, 411 | 15,583 | 5,009 | 5,280 Doz olle 2a oocO 3.6 70.7 1 
Central Texas.) .2.-. 5,976 | 2,939 640 669 MGCa ees Tele 22a 0 5) al 50.0 2 
Northern Texas. ..... 1,216 573 147 106 Ne PSA ale 15 44.9 3 
Southwestern Texas. . 795 287 49 52 ZA O) al Se | 8.5 43.6 4 
39, 908 | 24,710 | 6, 301 | 7,786 718 |" 2625). 32.81.3338 GOSH ee es 


In Table XIT one of the most striking points is the rather uniformly 
high percentage of parasitism in each section found in dried hanging 
bolls and squares. By far the highest percentage of parasitism is the 
21.8 per cent shown in dried squares in central Texas. Western 
Texas leads in the percentage of parasitism in fallen squares, but when 
the comparatively small number (287) of weevil stages found is con- 
sidered, it would appear that 8.5 per cent may be largely in excess of 
the percentage which would have been found in so extensive a series 
of observations as was made in central or southern Texas. <A similar 
exception should be noted for the 100 per cent of mortality from ant 
work in dried hanging bolls in western Texas where only a single 
weevil stage was found. In dried hanging squares the mortality 
from heat, as a general rule, very nearly equals that from ant attack, 
while in other classes of forms ants destroyed many more stages of the 
weevil than did heat and parasites together. 

In regard to ant work, it is evident that the high percentage shown 
among fallen squares in each of the six sections examined is very 
important. This is especially so because of the fact that these per- 
centages apply to the largest series of examinations made, the number 
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of weevil stages‘found in this class of forms being somewhat more 
than 60 per cent of the total. HKastern Texas, southern Texas, and 
western Louisiana seem to have profited most by the work of the ants 
in fallen squares, and these same sections show the highest percentages 
of ant work in fallen bolls, as might naturally be expected. 

The wide diversity of conditions under which the ants successfully 
attack the weevil is another one of the encouraging features shown by 
this work. It proves in a very reassuring way the general distribution 
of this species of Solenopsis and their activity in destroying weevil 
stages in every class of forms and in all parts of the infested area. 
The value of the work which they do in restraining the weevi! multi- 
plication can not be estimated. Their work henceforth will be more 
fully appreciated and a careful study will be made of the life history 
‘of the species and of the possibility of producing an increase in its 
efficiency. : 


SECTIONS PROFITING MOST BY NATURAL CONTROL. 


Still another arrangement of this same series of results will show 
most plainly a comparison of the total mortality in the four classes of 
forms for each of the six sections into which the localities have been 
erouped. In Table XIII are shown the general results of the 
examinations. | 


Taste XIII.—Comparison of total mortality results according to section. 


Weevil stages alive. é ; 
oe Weevil stages dead Mortality from heat, 


yaa Adult from heat ordrying.| ete., by stages. 
Section. 2 ; 

aa Larva.| Pupa . | aad 

ined. |+ : a. £ Z 
Paes Rea Larva./Pupa, Adult. Larva, Pupa. Adult. 
rath | 22 ae poe ees 
| - | Per ct’: P. ct. }Perct. 
Western Louisiana -.| 10,999 576 672 | 365 | 1,070 293 | 138 105 | 50.9 20.5 7.3 
Eastern Texas....... 12,933 | 1,374 883 259 397 492 76 | 24] 35.8 8.6) Sid 
Southern Texas...... 37,080 | 2,311 ; 1,665 | 1,033 | 1,407 | 4,812 | 603 | 155 | 67.6 | 26.6 6.0 
Central Texas..-.... 16, 724 865 923 | 462 686 820 | 181} 105 | 48.7) i234 8.4 
Northeastern Texas .| 7,172 430 376 | 258 334 Les Feit 32 | 24.2 | 17.0 5.1 
Southwestern Texas.| 2,048 396 126 30 48 62 | 3 | 3) |) Se eae 3.8 
86,956 | 5,952 | 4,645 | 2,407 | 3,942 | 6,616 1,018 | 424| 52.6 | 18.0 | oe 

| | | | : 
—— SSS 
Killed by heat a é Killed by | lait 
or drying. RE CLI) 5 parasites. | | Total of sec- 
| Total | per cent ion in 
‘ Por | Por | number | of mor- ' per- 
Section. Niinie Per cent Gent) of | Num- | cent of of weevil tality — enue 
7 of total | Number 1a 4; | Stages | from 

ber of : total | ber of | total | age of 

stages ‘| of stages. ats found. three «| 
stages found stages | stages. | stages | causes; | Or 
; found. | found. | * | tality 

eS | } ) _— 

Western Louisiana . - 526 10.3 1,526 29.9 156 | 3.0 | 5,117 | 43.2 

astern Texas. .-.... 592 Ii aL 1, 465 27.4 155 2.9 5,339 41.4 

Southern Texas...... 5,570 28.3 5,921]. 30/0.) . Sil 4.1| 19,674 | 62.6 

Central Texdisea--- - 1, 056 18.2 elev 19.8 | 443 7.8 | 5, 799 | 45.5 | 

Northeastern Texas - 246 als 376 16.9 | 86 3.9 2, 222 | 31.9 

Southwestern Texas - 68 | 8.1 117 13.9 | 34 | 4.0 | 840 | 26.0 — 
8, 058 | 20.7 10, 542 27.0 | 1,685 4.3 | 38, 991 | 52.0 Bb lee 2 
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Many of the conclusions which might be drawn from Table XIIT 
have already been stated in connection with preceding tables. The 
last column shows that southern Texas enjoys the benefits of natural 
control to a larger degree than does any other section. In that section 
62.6 per cent (nearly two-thirds) of all stages found had been de- 
stroyed. One half of this mortality was accomplished by ants, the 
other half by heat and parasites combined. Central Texas stands 
next, with a total mortality of 45.5 per cent. In this section, while 
the effectiveness of heat and of ants had decreased, that of parasites 
had considerably increased. ‘The increase in parasite attack, however, 
was by no means sufficient to counterbalance the decrease from the 

other two factors. Western Louisiana and eastern Texas, with 43.2 
and 41.4 per cent of total mortality, respectively, show very close 
agreement in the proportions of mortality from each factor. This 
close agreement might be anticipated because of the similarity in 
soil, climatic, and cultural conditions prevailing in those adjacent 
sections. The principal reason for separating the localities into 
these two sections was to facilitate a comparison of the recently 
infested territory of Louisiana with the older-infested sections of 
Texas. In this respect, also, but little difference exists between east- 
ern Texas and western Louisiana. In analyzing the factors producing 
_ the closely similar total percentages of mortality in western Louisi- 
~ ana and in central Texas it will be seen that there were very essential 
differences. In western Louisiana nearly 70 per cent of the total 
mortality found was due to ant attack, while in central Texas only 
43.5 per cent was due to ants. It is evident that in central Texas 
may be found the conditions which are most favorable to parasite 
attack. An extended study is being made of the entire field of para- 
sitic attack upon the boll weevil, and part of the results previously 
obtained may be found in Bulletin 73 of this Bureau. By far the 
lowest proportion of total mortality is that found for southwestern 
Texas. Most of the localities included in this section have but 
recently become infested. It would appear, however, that in the 
higher altitude of those localities heat may not be quite ‘as effective 
and that ants may not be as abundantly distributed as they are in 
other sections of the State. The observations in this locality have 
not extended over a sufficient period to justify any general conclu- 
sions regarding the result of the smaller degree of natural control 
which would appear from the observations made. It is quite possible 
that other factors than these which are here considered may serve to 
check the weevil in this section. Such a condition as a much larger 
mortality during the hibernation period might hold the weevils largely 
in check in spite of the smaller mortality during the summer. 
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DESTRUCTION OF COTTON FORMS BY WEEVIL ATTACK OR BY 
NATURAL CAUSES. 


It seems advisable in connection with this study of factors con- 
cerned in the natural control of the boll weevil to place on record some 
of the data which have been obtained, showing the proportion of 
squares and bolls which have been found to be destroyed by weevil 
attack or which were shed by. the plant from natural causes without 
insect injury. 

COLLECTIONS OF FALLEN FORMS IN 1905. i 


During the season of 1905 quite extensive experiments were made 
to determine the value of a thorough collection of fallen forms in 
checking the injury done by the weevil. These experiments showed | 
a net loss. The cost of collecting fallen forms exceeded by several 
dollars per acre the slight increase in yield shown by the plots from 
which collections were made as compared with plots under similar 
conditions, but in which no forms were collected: No examinations 
were made of these forms to determine the proportion which had been 
attacked by the weevil, but from sample lots as shown in Table XIV 
the proportion of squares and bolls was determined. 


TaBLE XIV.—Proportion of squares and bolls among fallen fruit, Texas, 1905. 


Ss ; H 
Total _ Bauer: 
Locality. Date. | forms ex- 
| amined. | Number. | xr ie / Number. pg ot 


& 
a 
sJ 
i) 


Gruman: 2 Cea iia foe SS aa ee Aug. 10-12 498 147 | 29.5 
DIO UAS eee otis em nea Gone er AEE Lae eee 2, 442 411. 16.8 2,031 83 
dB YOY Senay SVE nee ort gencagnr aTCES ar Aes Wet ens 2 east) 239 | 30.8 536 69 
DR ae 2 RY I ene ee eae AIRE ISIE Sis 650 240 | 36.9 410 63 
QOjmntaiay Me xe, Sa eee ae eee a Aug. 242.58. =. 2, 542 472 | 18.6 2,070 81 
IV FAIC OF NOK, = cutter He tay L1 ee Seatac MUR Ole ee ere 4,036 4, 269 | 31.4 2, 767 68 
MotalvorvaveLagses a4 ys eye se oes near aken eee 10, 943 2,118 | 25. 4 | 8, 165 | 74.6 
} 


It should be stated that the lots for which figures are given in — 
Table XIV were from the last collections made in those experiments. — 
The picking began early in July, and doubtless a test at that time 
would have shown a considerably larger proportion of squares. As 
it was, the average proportion among the nearly 11,000 forms exam- 
ined was approximately one square to every three small bolls. In 
the field at Gurley five collections were made in about six weeks. 
This work extended over one-half of the 16-acre field. Upon this 
8 acres about 730,000 fallen forms were collected. According to the 
proportions shown in Table XV, it would seem conservative to esti- 
mate that in this field at Gurley there were collected fallen squares 
containing from 100,000 to 125,000 weevil stages, and in the fallen 
bolls from 100,000 to 115,000 stages. From this 8 acres, therefore, 
there were collected, during July and August, 1905, in all probability 
from 200,000 to 250,000 weevil stages. If we apply to this number 
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of stages the proportion shown by Table VI to have reached the — 
adult stage in Louisiana and Texas in 1906 (1. e., about 17 per cent), 
it would appear that this work of collection prevented the emergence 
of from 34,000 to 42,500 adult weevils upon an area of 8 acres. 


_ When it is considered that in spite of this large destruction of weevils 


the resulting increase in yield averaged hardly 50 pounds of cotton 
per acre, the reader will be able to realize more clearly than he could 
without such a comparison the tremendous importance of the factors 
of natural control which do, under exceptionally favorable conditions, 
make it possible to produce a very profitable crop, because of their 
direct effect in reducing the number of weevils which reach maturity. 
It will be understood, also, that the total mortality resulting from all 
factors must become very large indeed in order to reduce the damage 
done by the small percentage which do survive, so that the develop- 
ment of the crop may far outstrip the insect attack. 


COLLECTIONS OF FALLEN AND OF DRIED HANGING FORMS IN 1906. 


In Tables XV and XVI are presented some of the results from 


the work of 1906. In these tables, however, it is possible to include 


a statement of the number of weevil stages found in each examina- 
tion. , In the collection of this material there was no particular selec- 
tion of squares or bolls, but all forms were taken as they occurred. 


‘Special collections were made, however, for hanging and for fallen 


forms, so that the proportion of hanging and of fallen forms could 
not be considered as an indication of the proportion which actually 
existed upon the area from which collections were made. . This 
explanation applies both to Table XV and to Table XVI. 


TaBLE XY.—Proportion of fruit destroyed by insect injury or by natural causes, 
Louisiana, 1906. 


| = 
piegeilspinaes TRO Infested by weevil. 
Class of fruit examined, and Total ex- 
locality. Date. amined. Per cent | Total 
PP A Number | of total mabe Percent | weevil 
of forms.| exam- |**U™YECT-| oF total. stages 
ined. found. 
_ Fallen bolls: 

, Von! a Aug. 24 450 392 87.1 58 12.9 58 
WD rr Aug. 24 » 400 300 | 75.0 100 25. 0 106 
Wn i Sept. 29 372 332 | 89. 2 40 10.8 47 
ee Aug. 23 555 402| 72.4 153 | 27.6 153 
ee Aug. 23 534 396] 74.2 138 | 25.8 168 

Peeve... 2.88. | Aug. 23 145 109 | 10.2 36 | 24.8 36 
J Sept. 30 150 119 | 79.3 31 20. 7 31 
imnets, fallen bolls.:.....|.-........ 2, 606 2.050. 977 || 556 | 21.3 599 

Fallen squares: | 
Johnsous Bayou........... Aug.22-27 300 78 26. 0 222 74.0 225 
Mgeenbld...........:...... Aug. 24 400 193 | 48.25 207 | 51.75 207 
So Aug. 24 525 268 51.0 257} 49.0 257 
ii i Sept. 29 37 20 54.1 17 45.9 17 
ya ellis Sal RS Aug. 23 875 336 | 38. 4 539 61. 6 539 
Many.. Bete ts ei huisln 5 = acid Aug. 23 1,133 407 35.9 726 64. 1 728 
0 a Ce Aug. 23 400 142 35.5 258 64.5 259 
Orangeville................ Aug. 23 500 332| 66.4 168 | 33.6 176 
Totals, fallen squares....|.......... 4,170| °1,776| 42.6 2,304| 67.4 | . 2,408 
! — | = _ 
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Taste XV.—Proportion of fruit destroyed by insect injury or by natural causes, 
Louisiana, 1906—Continued. 


Weevil stages not 


Infested by weevil. 


found. 

Class of Toate aT and Date, Top Poe aut Total 

iv ‘| Number | of total eee Percent!) weevil 

of forms.| exam- ‘| of total. stages 

ined. found. 

Hanging bolls: 

Mansfieldis: 2 tiieatene ance Aug. 24 1, 412 965 68. 3 447 31.7 47 
Mansheld st wesee nee ee Sept. 29 * 293 190 64.8 103 35. 2 145 
IVESTIV E25 HERS oe ee pees eee Aug. 23 125 74 59. 2 51 40. 8 54 
Mamiya os ec Se Se Beers Aug. 23 800 450 56.3 350 | 42. 7 380 
Miata yees ce) REEL yy Sepa Aug. 23 325 228 70. 2 97 | 29. 8 105 
Totals am sine bolls! sees eee oe 2,955 1, 907 64. 2 1,048 35. 8 1, 163 

Hanging squares: x 

AUER I GYEN GLEN ae Cs Be oie hee Aug. 24 430 186 43.3 244 56.7 244 
Mamsti eld asses ee pone. Sept. 29 5 3 60. 0 2 40.0 2 
IMEI c ee asc Sah See Aug. 23 115 27 23.9 88 76.5 88 
Migsrivie SOE se eee ee ie wees Aug. 23 466 136 29.2 330 70.8 330 
Marri pe aes eh em on ax os Aug. 23 252 69 27.4 183 72. 6 183 
Totals, hanging squares .|.......--- 1, 268 421 33. 2 847 66.8 847 
Totals, allforms........|.........- 10, 999 6,154| 56.0 | 4,845 44.0 5,017 


As is shown in the last line of totals, giving the average percentages 
for the four classes of forms examined, 56 per cent of the 11,000 forms 
contained no stage of the weevil. Among 5,561 bolls, cluding both 
hanging and fallen bolls, 71 per cent contained no weevil stage, while 
in the remaining 29 per cent, 1,604 bolls, there were 1,762 weevil 
stages. This means that in the bolls found to contain weevil stages 
there were an average of 1.098 stages per boll. Among the 5,438 
squares, 40 per cent contained no weevil stage. In the 3,241 squares 
containing stages there were 3,255 found. In squares, therefore, 
there were about 1.004 stages ‘for each square. This shows how 
strictly the multiplication of the weevil is limited by the available 
supply of squares. An average of squares and bolls shows but 1.035 
weevil stages for each form which was found to contain them. Among 
all bolls but 30 per cent contained a weevil stage, while among all 
squares 60 per cent were infested. While it is probable that few of 
the 30 per cent of squares which failed to show some stage of the 
weevil had really escaped all form of weevil injury, it is equally prob- 
able that a very small portion of the 70 per cent of bolls which were 
found to contain no stage of the weevil had ever been attacked in any 
way. Thus, while few squares perished regardless of weevil attack, 
probably more than one-half of all the small bolls which perished had 
not been attacked in any way by the weevil, though it is possible that 
in many, cases there had been some form of injury to the square or 
bloom connected with that boll. 

In the examination of material from Texas there are so many local- 
ities represented for each class of forms that it seems advisable to 
divide the table into a section for each class. 


en Ne ee eee ae 
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Taste XVI.—Proportion of fruit destroyed by insect injury or by natural causes, 


. Date. 


Texas, 


1906. 


A. HANGING, DRIED BOLLS. 


Bolls without 
weevil stages. 


Bolls with weevil stages. 


Total 
Locality. bolls ex- r. : : ; Ween: 
amined. | .; Per cen -er cent | of weevil 
Number. of total. Number. of total. | stages 
found. 

(CEUIAT ENE EE 5 ek ee 208 192 92.1 16 7.9 16 
LO ISWET ae ee rr 311 246 79.1 65 20.9 70 
COROT 5 ee ee ee 157 137 87.3 20 NY, 20 
COPIREC OTE Fy RS Oo oli, oe 225 170 75. 8 55 24.2 15 
CIGTASTLCS HTS ee 450 391 82. 4 59 17.6 59 
‘ CUSIES VOCS OG i RRS SA Se <a 800 675 84. 4 125 1526 117 
ieee Bee eee eee 26 20 76.9 6 Doel 6 
ROEM Hear ain ne ae A on Ss 250 138 By 112 44.8 183 
PDAS) SAS Bae ie ce ree eS 232 206 88. 8 26 iil Be 26 
TDM AIEH SYS 1 5 SR re 511 408 80.0 103 20. 0 103 
TOL ENS tol So ae wil 475 83. 2 96 16.8 107 
IDA ee ee ee 450 358 80.0 92 20. 0 95 
TD ILLES. 2) = oS Ree eee ae a 323 220 68.3 103 sled 157 
TD RENT ES) S28 BS SE eee oe 498 344 69. 1 154 30. 9 190 
TONERS SNE, ah eA er re 505 389 77.0 116 33.0 125 
EHS ee cer ce os 510 425 83.3 85 16.7 96 
TDS MISS AS (ES SE ae eee 494 354 ales 140 38.9 216 
Wainer ere ee tbe ol Glee 510 430 84.3 80 1153.7 247 
COTTE VGL. US Ne EN ea Perea a eige ree 165 132 80. 0 33 20.0 33 
Goliigl. Lee es 125 68 54. 4 57 45. 6 103 
CHOIRAICL 2 ce ea ee eo Ge 240 111 46. 2 129 53. 8 129 
IPUITEEOSWHNes 2-20 oe ee So de 370 274 74.1 96 25.9 ~ 96 
TSL-AIUKSS 51S 01 ie 870 700 80.0 170 20.0 177 
WESRS Ines eco abe a 173 133 76.9 40 Domi 52 
‘OME ORS. oS a ee ee ee 210 121 bY 89 42. 4 89 
1P OSA ps A 510 299 58. 6 DU 41.4 211 
TRA CLOVEOR TE rs ee 9 6 66. 7 3 33.3 e) 
MamiwaibOMOes ss. 266k seas ek 75 74 98. 7 1 118° 1 
MOe ees yk soot. 125 85 68. 0 40 32.0 40 
TOMI WS oe Sods ae eee 605 463 76. 5 142 Dene 142 
“CISA cull yp = 2 ee ee 122) 603 83. 2 122 16.8 127 
Wile tONa a: 2/855. eS eee 315 157 50. 0 158 50. 0 201 
Wi REQ SNe ae ee en a ee 434 412 95.0 22 5.0 22 
Vil S00) Se ee 160 144 90. 0 16 10.0 16 
Vi 00 els GS ee 795 613 ile 182 22.9 252 
WG. Ce 370 243 (ay, Hf 127 34.3 153 
VV EHEO) ols 4 RIA A ee 29 17 58. 6 12 41.4 12 
VEU 20) a 200 144 72.0 56 38. 0 66 
WYO On. 26 2B SRS ee ee 34 18 53.0 16 4 47.0 16 
WW RCO a goo a ee 169 109 64.5 60 35.5 79 
VY KOI Sie. Se A A 100 17 17.0 83 83.0 112 
WUE OO) 0S 1 oN Se UE Ee Se 339 170 50. 0 169 50. 0 233 
RIE eats ott ie hse Se Sa 14,178 10, 691 75. 4 3, 487 24.6 4,279 
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Taste XVI.—Proportion of fruit destroyed by insect injury or by natural causes, 
Texas, 1906—Continued. 


B. HANGING, DRIED SQUARES. 


act Puneie yee | Squares with weevil stages. 

ota per 
Date. Locality. lender | Number 
Saat Number. | Per cent | wumper | Per cent | of weevil 

, But *| of total. * of total. | stages 
) present. 
Alig 22 | WOalinetbus ee ved. 2 402 aes | as 103 97 94.2 6 | 5.8 6 
PAST reo ORV OI by emieyes sess anos aegis See 62 14 22. 6 48 77.4 48 
AUIS FOU IMOALVON Ga aus. o/c) ee ee eee 18 4 22. 2 14 77.8 14 
Sept is:  MCMvVere. Geis sto) \2 2 gece e ee ee 24 13 54. 2 11 | 45.8 13 
UN otey OR CoMseenahe Sean Sok ee 72 18 25. 0 54 | 75.0 55 
IND Perl Crone toenalale, qeey siege eee aA 53 23 43. 4 30 | 56. 6 30 
Aug. 9 WOON wie Sts ren, oe ee IS pa 106 15 14.2 91 | 85.8 91 
PANES eMC UCT OR ve eee oo Sn Ue een cae 825 481 58.3 344 | 41.7 347 
AMSDO ADA AS eek oc Go ae 61 47 Lio 14 | 22.5 12 
Sept dy) wallase! eee. 6k moans ee 31 17 54.8 14. 45.2 14 
Sepicday Wome ie). e ko sate 100 36 36. 0 64 | 64.0 64 
Oct OlleDallas st fait) cola y ee 11 3 27.3 8.1. cas 8 
OGG GN | MAAS ie is to ean a eg 2 ae 8 5 62.5 Sm StL5 3 
OCEF Ge leDalllashd seen ear Pe eye Le eae 5 i 20. 0 Aj 80.0 4 
Oct 26" aD alles ees) Lo Mee eee 9 4 44. 4 al 55.6 | 5 
IND Ea TO Clue NG leeaas Soa eee eys cd apm est 35 12 34.3 23 | 65. 7 23 
SEO Te seh Cc Olie NG Me San eee en 152 68 44.7 84 55.3 84 
Septsro nq @ Goud) stieeer ot eee nee ee 150 48 32.0 102 | 68. 0 102 
Nie.) VO; evelleroswallles ese ete eee Peay 37 30. 0 85 | 70.0 85 
Mup) SO\ Ea lletisyalles: ey wee ei ie 480 167 34.8 313 | 65. 2 314 
PASE 222i mien) Ue eye re aera ee ee 12 8 66. 7 40 33.3 5 
gANIS S28 dO Wert Mat 1. An. ee ae 56 | 11 19. 6 45 | 80. 4 45 
ATo Os Ralestine rts 05 jens eee 468 78 16.7 390 | 83.3 390 
Sepite 25 MeeO OSC Viel teen a ae a eres 216 136 63.0 80 37.0 81 
PN, IU If Sol Ga ONOIO)S = Le Be Bee ee So Se 6 5 81.7 1 18.3 | 1 
Aes 16) | Daylory cues in (hee Ue ee 116 37 32.0 79 68. 0 81 
CN oO) eer yet ae ool mee 5 eee pay 216 78 | 36. 1 138 63.9 138 
INS AS Oia els tyes ne ee eee 60 29 | 48.3 31 57 31 
Sepe. Wal gVaCvomiae see a rss. woe eee | ee 938 293 31.2 645 68.8 654 
Sally NLC GOLIE, esr.) ce aera panel cece ae 220 82 3123 138 62.7 148 
Jal Ne OA WWAEKCO SA eo a eerm ty ae Ate rk fou 254 155 61.0 99 | 39.0 99 
tie 07") WiacOu. ae ycem a, See Oe 54 32 59.3 22! 40.7. 22 
ISIE DR I AWacod Bieta. 1s aera 213 75 35.2 138 | 64.8 138 
y NTU FERP OADM AVEC KO BME Seapine Ne tam pels US a Ee a 200 108 54.0 92 46.0 92 
SED Ls LOM WIACO. 22 sas: et. eae ee 20 7 35. 0 13 65. 0 13 
SEP Ge LOM MWCO relies eee jo = meen teers che 43 27 | 62.8 16 at. 2 16 
Spl LOU SWidGOi fate Wa ee ee 11 9 81.7 2 "18.3 4 
SepET ZO VWiaCo ne kaa ae oe Me eae ne 90 35 38.9 55 61.1 55 
Seti HO) WNW EKKO RG eee Ns sons eecerddae = 43 19 44,2 24 55.8 24 
Ci oye | MOM ape cathe ft se SLs EU 5,663 | 2, 384" | 41.2) 3/338 58.8 | 3,359 
’ 
t 
/ 


= = 
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TaBLE XVI.—Proportion of fruit destroyed by insect injury or by natural causes, 
Texas, 1906—Continued. 


Date. 


cenateameeneemecnees | 


C. FALLEN BOLLS. 


Bolls without 


weevil stages. 


Total = 
Locality. bolls os : ; 
amined. ~~ f Ler cen 
Number. Gi Totals 
TDL HET | Ue Sas 2 at ee er 140 131 | 93.6 
EASE se eee eee ee 78 59 | 75. 6 
See REE aig ei ae 310 278 | 90. 0 
[Sha a ae ee ae | 1, 588 1, 328 | 83. 6 
8 VL Sa ee arene eee 35 30 | 85. 7 
IEE ETS RES AGS A one Se 1,785 1, 428 . 80.0 
CDI SoBe 2S Se rene em 573 469 | 85.3 
(CARVE RLS 1 eee 340 173 50.9 
Geos Christi... 02220... - | Bp 301 93. 8 
MEGMIMEIR ac Ze. se pales woe 310 277 89. 4 | 
UNGEQ 2255 2 ae i SS uel ee 282 219 TST 
[DSUs es A 367 327 89. 1 
TINO © ae Se ve 382 378 99. 0 
TESOL Sey I a eae 133 104 78.2 
SUPE) ee EE nna 355 280 80.0 
ENE T US WINES i). 52. eo es ok 540 469 86 9 
ippMehiswillew oo. 2 ec. se 362 349 96. 4 
MmenYOMP Sein 2 oe ee Sh 44 28 63. 6 
LOST NWI erent a a ee 232 132 56. 9 
fey LO se yee tee She ode oe 268 136 50.1 
TSS SA ee Oe ae ee 46 19 41.3 
TAL SISSUVTES Ss a a 227 210 94.1 
LO TTR CRD ees Se ee a 158 109 69. 0 
OETA IOS ee 145 108: 77.9 
(ONS SIC Se en rl 230 181 78.7 
ipo GS 460 266 57.8 
IPD LERY SOMES Se Cae 118 104 88. 1 
IS OSES) Ee ee ee ee 46 12 26.1 
SMMMUOMIO Ns soa 562k. 235 235 100 0 
UO s 6s oS oA he NS 211 180 85 3 
VemGll ts Se ae 220 176 80. 0 
TNT S 955 Sa eee, 908 821 90. 4 
MEM io ease ie Sf ak oss co 580 517 89. 1 
‘MON Se pea dele 1, 452 803 i) 
UL SS Soe ee 1, 450 1, 293 89.2 
\WOG OC eee te 10 10 | 100.0 
Victoria 135 15: | 100 0 
885 843 95. 3 
420 341 SIS2 
533 442 | 83.0 
472 404 | 85.6 
691 639 92.5 
315 291 92 4 
932 829 | 89. 0 
490 411 83.9 
260 233. | 89 6 
241 175 72.7 
20,315 16, 683 82.1 


Bolls with weevil stages. 
Number 
: er cent | of weevil 

| Number of total. | stages 

found. 
9 6. 4 | 9 
19 | 24. 4 | 19 
32 | 10.0 | 32 
260 | 16. 4 | 264 
5 14.3 5 
357 20. 0 379 
104 14.7 | 107 
167 49.1 240 
20 6.2 20 
33 10.6 | 34 
63 22.3 | 80 
40 10,9 | 70 
4 1.0 | a4 
29 21.8 | 44 
75 20.0 | 89 
(he) ise} 79 
13 3 14 
16 36. 4 | 17 
100 43.1, | 100 
132 49.9 195 
ai 58. 7 51 
Ny¢ 5.6 18 
49 31.0 | 57 
37 22a 37 
49 Zboe 54 
194 42.2 194 
14 11.9 15 
34 73.9 74 
0 0.0 0 
31 14.7 31 
44 20 0 46 
Poel 9.6 90 
63 | 10.9 67 
649 447 659 
157 10 8 | 160 
0 00 0 
0 00 0 
42 4.7 42 
79 18 8 79 
91 17.0 91 
68 14 4 71 
52 io 52 
24 7.6 | 24 
103 11.0 103 
79 | 16.1 | 84 
27 | 10 4 28 
66 27.3 90 
3, 632 17.9 4,018 
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Taste XVI.—Proportion of fruit destroyed by insect injury or by natural causes, 
Texas, 1906—Continued. 


D. FALLEN SQUARES. 


Squares without 


weevil stages. 


Squares with weevil stages. 


Total é ee! 
Date. Locality. el oes Number 
aed. |\Number.| Per cent Number.| Pet cent of weevil 
aaa €F +) of total. | SUMP") of total. | stages 
found. 
Jalyrel2 i eevilllenon tee ates es, ake. e 900 234 26.0 | 666 74.0 656 
AU EE WS) | PE COWAMNC Meee seine iceman mens Bl2 76 14.8 436 | 85.2 436 
AUS MSs MECOVILG Rene rer Lee seer eae 1,000 126 | 12.6 874 | 87.4 874 
SLE) Oden ce roa] fad @Xele)y iil Keds has ee mM a na Se ee ee 900 222 24.7 678 75.3 78 
Miele PA I sitonnmors ule, Joe See ey 2,524 957 37.9 1, 567 62.1 1, 568 
UPS ion ea nO WSN Gee yee =o hes ee 130 17 13.8 113 86.2 | 115 
Sept.) 5) |) (Brownsville ss..- 2522. eee 4,032 2, 889 70.3 1,143 29.7 | 1,147 
Soin 249) IP IEAM NWN 5 Seee soem soem ee 456 199 43.6 257 56.4 | 265 
IAI Su @allen teenie wae < fasta ian aE 353 40 11.3 313 88.7 | 315 
SeptemlsiWalwerGuce ee cs hose eae eee 1,033 341 33.0 692 67.0, 722 
Vuly lO Conpus Chinistieee se seen ee 718 283 39.4 435 | 60.6, 438 
Sepe- Srl RCOrsicama ns ose ses eee ee 26 10 38.5 16 61.5 16 
PAU ola CUel Om cee se ens eae ree nae 1,550 495 32.0 1,055 | 68.0 1,059 
INDY =e 902.9) igs BS) US ST ea Va el cee I 111 57 51.4 54 | 48.6 54 
ENTS Ll) SUIS bes Sct tie et es ee 100 | 79 79.0 21 | 21.0 21 
EMG sill |G OMe ae eee i se tae een 430 | 154 35.8 276 | 64.2. 281 
Sepincs | Goliad) hin Sit cle UN aie es 875 347 39.7 | 528 60.3 | 540 
Aves 30) Eallettswilléess22 2-225 28 ee 1, 150 250 21.8 900 78.2 903 
Migs 20, \ViFvallattswille se secne se eee oe 230 93 40.4 137 59.6 | 137 
Sept m24 | PUN eGlOMe sce ee eee eee 383 254 66.3 129 | dock 129 
EAST 2 6). Kerinyadll een see eevs i ee take ane ed 29 | 6 20.7 23 | 69.3 | 23 
Septeyaonl ime tievillene: meer ae ee ee eee Ne) 5 29.4 12 | 70.6 12 
To bee 2 Oillisbae eeers cane ae fe ee Nast aoe a 278 | 228 82.0 50 | 18.0 54 
INCH OB i WY Keyes) ON ep ge ee as Noles pe 52 | 29 55.8 33 | 44.2 23 
PANEL ON MELT COLA = sit nantes nee eee A 100 88 88.0 12 12.0 12 
INdipnO) |p Mameola sents anon ore rats ke 120 38 By 32 | 68.3 87 
Oe: Mim e@l ai hea. Uke vis, paren Cl 697 | 353 50.7 344 | 49.3 347 
PINUS GS PBR O)S eS GEC OH MV A eee eyes em eI on ar te 148 35 23.7 113 76.3 113 
NUS NZS MOVeETCOM sh see seen a ere ee 164 80 47.6 84 52.4 84 
UNS Ma Ona alestime ern wiles cs nk be ieee dis eave7/ 285 PADS 1,042 | 78.5 1,042 
Hepes cleeolestime see yee ee eee 8 % 25.0 6 75.0 6 
Sept 24 MROOSeVeltee je een eee 88 25 28.4 63 | 71.6 | 69 
INO MS Saal IMA OINIO 242-2 oe be bee owe 83 53 63.9 30 | 36.1 33 
PASSO? | Manylon eta eae thoy neem nd 79 354 45.6 44 54.4 44 
Sept: Ow Merrell esc a irene try ann wee 88 35 40.0 3B: } 60.0 | 53 
(Fey OTS Gin MUN EN eee eas eae ew Rs peas Un 900 347 38.6 5038 | 61:7 j 553 
pe Nip Onl Trinity ce Mya 2 ae ea 887 393 44.3 494 | 55.7 494 
EMO ah TMG yy Jee sence wee meee eee 614 225 36.6 389 63.4 390 
Sa rsO Me Trinity. vice Mees ves ee meenee 240 124 50.2 116 | 49.8 116 
Hume swlGs le Victoria we yes een ee 980 116 13.7 864 86.3 s 864 
= 2.97 
sues Wictoriac) Metco Dean 3, 496 518 14.8 2,978 85.2 2,978 
July 5-9 {Victoria WPA IN eu fate ea: 1, 405 355 25.3 1,050 74.6 1,050 
us D) 2 | 
ae 18 {Victoria aie? Cee sa 679 197 29.0 482 71.0 494 
Oe ONICTOTIA:. Sank ee ee eee 302 215 (ee 87 28.8 87 
Sep bee wa AWAIT OIA. 0. 04.7 ceeh ny) meee meee 1,142 129 13 1,013 88.7 1,026 
SHA ZOR I SVV AIC Ose 2 sera io ie ean gegen 737 480 65.1 . 257 34.9 259 
ENNIO Sli AC Oto lies See eee eee ee 170 131 77.0 39 | 23.0 39 
ENO PO Sia NON ACO sie ssc SNe ee aa 742 431 58.1 311 41.9 311 
CANE a2 Ola UNV CO. ei non A ESCA 1, 300 711 54.7 589 45.3 591 
PANT Rear? ORV VIA COL vessel ee oe ee 785 477 60.8 308 39.2 308 
OCT 2a te Wid COso neces oer eer ee te 1, 284 1,032 80.4 252 19.6 253 
INS GENI Cn aC aAe Rt eet tn ah ca Oak Ls re aa 36,354 | 14,301 39.3 | 22,053 | 60.7 22, 169 


From Table XVI A, hanging, dried bolls, it 


fourths of the number examined contained no weevil stage. 


appears that three- 
In this 


case there were found 1.227 weevil stages for each boll which was 
found to contain any. The percentage containing some stage shows 
an exceedingly wide variation between the 1.3 per cent for San 
Antonio, where the infestation was slight, and the 83 per cent at 
Waco on September 20, where the infestation was very heavy. It 
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seems that the presence or absence of a weevil stage has little, if any- 
thing, to do with the retention by the plant of a portion of its surplus 
fruit, but that the abundance of weevils in proportion to their food 
supply may be largely responsible for the variations which appear in 
the percentage of these dried, hanging bolls which contain some 


weevil stage. 


In Table XVI B, among the hanging dried squares, nearly 59 per 
cent of these examined contained some weevil stage. In this case 
there were found an average of but 1.01 stages per square. The per- 
centage containing weevil stages varies somewhat, as it did in the case 
of dried bolls, but the variations are not exactly parallel. One 
reason for this apparent lack of agreement may be found in the fact 
that weevils show considerable preference for squares, and therefore 
attack them to a much larger extent than they do the small bolls. 
Among the bolls an average of 24.6 per cent contained some stage of 
the weevil, while among the dried squares there were 58.8 per cent. 

In Table XVI C, fallen bolls, it appears that an average of only 
about 18 per cent contained some weevil stage. In this case there 
were found 1.106 weevil stages for each boll found to contain any. 
Examinations in three localities failed to reveal any weevil stage in a 
total of 380 bolls. Two of these examinations were made at Victoria 
in June before weevils had become sufficiently abundant to attack 


~ bolls to any extent. The third case was at San Antonio, where, as is 


a ee Se ee ee 


indicated by observations in the other classes of forms, the infestation 
was comparatively light. It is probable, however, that a more 
extensive examination would have revealed some weevil stages in 
fallen bolls at San Antonio. 

In Table XVI D, fallen squares, it is shown that slightly over 60 
per cent contained some weevil stage. In this very large series of 
examinations there were but 1.05 stages for each square containing 
any. As would naturally be expected, there is not quite so wide a 
range between the extremes in the percentage of total squares which 
were found to contain a weevil stage as in other classes of forms. 
The importance of fallen squares, as compared with other classes of 
infested fruit, is shown by the fact that, in the 36,354 fallen squares 
examined, were found 22,169 weevil stages; whereas, in the 40,166 
forms in the other three classes for Texas, there were but 11,666 
weevil stages. While 60.7 per cent of the fallen squares were found 
to contain some stage of the weevil, an average of the three other 
classes of forms showed stages in but 26 per cent. The special signif- 
icance of these comparisons, from the standpoint of natural control 
of the weevil, may be appreciated when it is considered that the total 
mortality in fallen squares is much greater than in any other class of 
forms. 


i2 NATURAL CONTROL OF THE COTTON BOLL’ WEEVIL. 


This may be more clearly understood if we consider a concrete 
illustration based upon the actual average percentages shown in Table 
III. In addition to the percentage of weevils found dead at the time 
of examination, it is reasonable to assume that had the stages been 
left in the undisturbed forms until all surviving weevils might have 
emerged, there would have been an increase in mortality fully equal 
_ to one-half of the percentage shown by the examinations. Based upon 
this mortality, a hypothetical illustration shows in a striking way the 
influence which the class of form may have upon the proportion of 
weevil stages reaching maturity therein. 


Taste XVII.—Illustration of effect of natural control, as found, upon weevil develop- 
ment in each class of forms. 


‘ ra 
ying as by | Additional 
: bear al proportions number — 
Class of forms. see ae found at likely stillto| 02 ae 
eheres & examinations die before Leeds, 
eteins given emergence. | “M¢TSIng- 
herewith. 
Dried. hanging wbollse aa Ske ass Sash on eee ee 100 30 15 55 . 
Mnied hansine squUanrese seamen soe ase =e 100 53 27 20 
Pp ailiemaby OMS MES WR wor eet tee ae ae oe Se 100 33- 17 50 
Total for 3 classes above.........--------- 300 | 116 | 59 | 125 
Hatilen Sq Wa TOs 6a ee see ae ee eee 300 180 90 30 


From this illustration it may be seen that the chances for a weevil to 
reach maturity are greatest in hanging bolls, second in fallen bolls, third 
in hanging squares, ‘and least among fallen squares. Starting with _ 
three hundred stages, distributed equally among the first three classes 
of forms, between 40 and 45 per cent may be expected to become adult, 
while an equal number of stages in fallen squares may probably yield 
not more than 10 per cent of adults. 

It is fortunate that under normal conditions a large majority of 
weevil stages develop in squares which fall to the ground. Because 
of this fact it is possible for the most important factors of natural con- 
trol to exert their greatest influence in checking the multiplication of 
the weevils. Without the large degree of natural control, such as has 
been shown to have existed in 1906, the profitable production of cotton 
would, apparently, not be possible. Understanding something of the 
influence of these factors, as we now do, we can appreciate in some 
measure our indebtedness to them for making it possible to continue 
the culture of cotton throughout the area which still, in spite of the 
damage actually done by the weevil, produces more than one-third of 
the annual crop in the United States. We can appreciate also the 
importance of following such methods in the culture of cotton as are 
found to promote in the greatest degree the efficiency of any es in 
the natural control of the el) 
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SUMMARY AND CONCLUSIONS. 


If there be a fair amount of moisture in the soil up to the time squares 
begin to form, and there then ensues a period of from four to six weeks 
of hot dry weather, with mean average temperatures ranging from 75 
to 85 degrees F., it may be expected that the weevils, though abundant 
theretofore, may be so effectively checked as to do little injury to the 
crop of that season. aie 

An entire season of extreme drought, even without exceptionally 
high temperatures, will greatly reduce the number of weevils, but the 
- crop will be small because of the continued lack of moisture. This 
condition may show little benefit from weevil control during that sea- 
son, but will greatly favor the production of a large crop, if weather 
conditions be favorable, during the following season. The difference in 
effect of a drought during squaring season alone and during the entire 
_ season lies in the widely different effect which those conditions exert 
upon the number of weevils developed in the fall, upon the food sup- 
ply available to the weevils until time for them to enter hibernation, 
and upon the shelter obtainable by the weevils during winter. In 
the former case many weevils may survive, in the latter few weevils 
will survive to attack the succeeding crop. 

Winter conditions of unusual severity with frequent low tempera- 
tures and much rainfall have a beneficial effect by reducing the num- 
ber of weevils surviving hibernation and by preventing the survival 
of old cotton roots. . 

By cultural practices it is possible to secure regularly as great 
reduction in weevil injury during the following season as occurs 
occasionally after winters of extreme severity. 

Defoliation of cotton by the cotton leaf worms, if thorough and 
repeated, may be a very important factor in reducing the number of 
weevils in a fiéld which may enter hibernation, or which are likely 
to survive. The planter can usually secure regularly much of the 
good effect of irregular leaf worm defoliations by destroying the 
cotton stalks early in the fall. 

Fallen forms contain fully 70 per cent of the weevil stages develop- 
ing in a field. These stages are exposed to the most effective action 
of heat and of ant attack. Only in case of the fallen forms is it pos- 
sible to vary cultural practice so as to increase the effectiveness of 
these factors. The mortality occurring in fallen forms is fully four 
times as effective in controlling the weevil as is that in hanging forms. 

Less than one-half of all the weevil stages were still alive when 
found. If these had been allowed to remain undisturbed, under the 
continued influence of the three factors of natural control studied, it 
is very probable that the total mortality resulting would finally have 
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amounted to fully 70 per cent. , From 10 to 15 per cent of mortality 
occurred from other causes than those given in the tables. 

All factors of natural control seem to operate more effectively 
against weevil stages in squares than against those in bolls. Ants and 
heat or drying are the most important factors in each class. In bolls 
about two-thirds of the stages found were alive, while in squares 
but two-fifths were living. 

The data used in this bulletin include examinations in twenty- 
eight localities, in several fields in each locality, and in seventeen 
places examinations upon from two to nine dates between June 15 
and October 15, 1906. More than 86,000 forms were examined and 
39,000 weevil stages were found. 

Neary all of the eleven localities having an average total mortality 
above the average for the twenty-eight localities examined are situ- 
ated south of fe center of cotton production in Texas. 

Ants of the species Solenopsis geminata are more important in the 
summer control of the weevil than are heat and parasites combined. 

The effectiveness of heat from sunshine is largely influenced by 
spacing of plants, which should be wide for best results, and by the 
coincident dryness of soil or atmosphere. The fe from heat 
in two groups of localities having almost identical mean maximum 
temperatures varies as widely as between 7 and 27 per cent. Exact 
reasons for this great difference are not apparent. Average climatic 
variations do not appear to produce a corresponding variation in the 
average mortality of weevil stages. 

Ants seem to enter only forms containing living stages of the 
weevil. Variations in mortality from ant attack may be due to vary- 
ing abundance of the ants in different fields or localities. Their 
activity is evidently influenced by climatic conditions and may also 
be affected somewhat by cultural conditions. 

All parasites attacking the weevil have other hasts. Parasite 
attack is much greater in hanging than it is in fallen forms. The 
abundance of parasites seems to depend largely upon the proximity 
of some other plant than cotton in which their usual hosts abound. 
Their attack upon the boll weevil is a promising adaptation to a new 
host and may increase in effectiveness. 

Climatic and cultural conditions seem to have been less influential in 
producing the three highest percentages of mortality than were the 
ants alone. 

The highest mortality from heat or drying was found at Corpus 
Christi, Tex., in coincidence with comparatively low average max- 
imum and average mean temperatures, but after an exceptional 
drought extending over some eight or ten weeks. This occurred 
also in a well- tilled field where not more than one-half of the ground, 
was shaded. 
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The proportion of clear to cloudy days and the relative rainfall 
seem to influence in considerable degree the effectiveness of high 
temperatures. 

Comparison of mortality records in localities infested for not 
more than two years with those in localities infested for from three 


to ten years shows a total mortality averaging about 10 per cent 


greater in the section longer infested. This increase was due princi- 
pally to the greater effectiveness of heat and parasites, while in the 
recently infested-area ants were exceptionally effective. The princi- 
pal reasons for these differences were probably the more moist cli- 
mate and the more abundant ant distribution in the recently infested 
area. 

Nearly 70 per cent of all mortality found from heat or drying 
occurred during the larval stage. The ratio of mortality percent- 
ages in each weevil stage from heat is: Adult 1, pupa 3, larva 9. 
An early shedding of infested forms is very desirable. 

Whatever spacing may have been found advisable where weevils 
were not present, these records prove the general soundness of the 


recommendation for increasing the space allowed each plant where 


the weevils are abundant. Central Texas shows the high average 
mortality of 21.8 per cent by parasites in hanging squares, 8.4 per 


cent in hanging bolls, and 5.7 per cent in fallen squares. Owing 
to the small number of observations made in southwestern Texas, 


western Louisiana should really be ranked first, with 39.4 in average 
percentage of total mortality among hanging dried bolls, while cen- 
tral Texas is second, with 28.8 per cent. Among hanging dried 
squares central Texas stands first, with 65.4, and western Louisiana 
second, with 61.3 per cent. Among fallen bolls eastern Texas ranks 
first, with 50 per cent mortality, and western Louisiana second, 
with 33.4 per cent. In eastern Texas alone did the number of fallen 
bolls examined exceed the number of fallen squares. Among fallen 
squares southern Texas has a long lead in total mortality, with 70.7 
per cent, as compared with central Texas, with 50 per cent. The 
high percentage found in this class is based upon much the largest 
series of examinations made for any class in any section, and the 
figures are therefore exceptionally reliable and significant. 

In degree of benefit from natural control, the six groups of locali- 
ties rank as follows in average percentage of total mortality 
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In examination of about 11,000 fallen forms collected between 
August 10 and August 31, 1905, 25 per cent were squares and 75 per 
cent were small bolls. The proportion between these forms varies 
ereatly with the stage of growth in each field. In the examination 
of 62,593 fallen forms collected between June 15 and October 15, 
1906, 64 per cent were squares and 36 per cent bolls. Among 24,363 
hanging forms examined in 1906, 28.6 per cent were squares and 71.4 
per cent bolls. 

In a test of the effect of hand picking of infested fallen forms in 
1905, it is probable that between 34,000 and 42,500 adult weevils 
were thereby prevented from emerging upon an area of 8 acres. In 
spite of this large destruction of weevils, the increased yield of seed 
cotton upon the test area averaged only about 50 pounds per acre 
as compared with a check area of similar size. This shows the tre- 
mendous importance and effectiveness of natural control, which 
frequently produces much greater increases in yield than 50 pounds 
of seed cotton per acre. aa 

In the examination of 11,000 forms from Louisiana in 1906, only 
44 per cent were found to contain a weevil stage. The balance of 
56 per cent included many which had been injured by feeding of the 
weevils. Among the bolls 30 per cent and among squares 60 per 
cent contained some stage of a weevil. Probably few of the 
remainder of the squares had escaped some form of weevil attack, 
but a large proportion of the 70 per cent of bolls perished without 
any injury by the boll weevil. 

In examinations of forms collected in Texas in 1906 among more 
than 14,000 dried, hanging bolls, hardly 25 per cent showed any 
stage of the weevil; among over 20,000 fallen bolls only 18 per cent 
had any stage; among 5,600 hanging dried squares nearly 60 per 
cent and among more than 36,000 fallen squares slightly over 60 
per cent contained a weevil stage. Practically two-thirds of all 
weevil stages found in Texas were in the fallen squares. 

The proportion among 100 weevil stages starting in each one of the 
four classes of forms which may be reasonably expected to reach 
maturity and emerge is as follows: Hanging dried bolls, 55; fallen 
bolls, 50; hanging dried squares, 20; fallen squares, 10. 

Evidently we are indebted in a very large degree to the effectiveness 
of natural control for the possibility of continuing cotton production. 
Such cultural methods should be followed as shall exert the strongest 
influence upon hastening the maturity and increasing the yield of 
the crop. In addition to this, such cultural methods should be 
followed as will promote the highest efficiency of the factors in this 
natural.control of the Mexican cotton boll weevil. 
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MISCELLANEOUS PAPERS ON APICULTURE. 


PRODUCTION AND CARE OF EXTRACTED HONEY 


By. Hh. i. Pumnies, Ph. D,, 
In Charge of Apiculture. 


INTRODUCTION. 


Since the invention of the centrifugal honey extractor, in 1865, and 
its introduction into America, a constantly increasing proportion of 
the honey of the United States has been put on the market as ex- 
tracted. Formerly honey was rendered free from comb by mashing 
full combs of honey and straining the liquid through a cloth. This is 
“ strained honey,” but the same name still clings, in some quarters, to 
the article removed from the comb by centrifugal force. The pro- 
duction of extracted honey requires much less labor on the part of 
the bee keeper than does the production of comb honey, and it has 
several advantages over the latter. The principal reason why ex- 
tracted honey is more generally produced in the United States than 
formerly may probably be found in the increasing demand for honey 
for baking and confectionery purposes; considerably more than half 
of the honey put on the markets is used in this way. 

The ease with which extracted honey may be adulterated has, how- 
ever, made the general public sceptical as to its use for table purposes; 
glucose, cane sugar, invert sugar, and other adulterants have been 
very extensively used, and are still used to some extent. However, 
the passage of the food and drugs act of June 30, 1906, and the recent 
work of this Department in the inspection of the honey market have 
resulted in much good, and persons who have openly adulterated ex- 
tracted honey in the past are now generally obeying the law. While 
there is still some cause for complaint, the percentage of adulteration 
must gradually decrease. The effect of pure-food agitation can not 
but result in great good to the honest honey producer and bottler. 

The chemical detection of honey adulteration has been made more 
certain by the recent investigations of Dr. C. A. Browne, of the 
Bureau of Chemistry, and because of the improved methods advo- 
cated by him the detection of infringements of pure-food laws will 
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be easier in the future. For.a discussion of this work the reader is 
referred to Bulletin No. 110 of the Bureau of Chemistry, entitled 
“Chemical Analysis and Composition of American Honeys.” 

Some of the common practices of bee keepers are, however, open 
to serious question, and it is primarily to call attention to these that 
the present paper is presented. It is possible to treat pure high- 
grade extracted honey so that on chemical examination it would be 
condemned or called in question. In the past there has been some 
trouble in cases where chemists have declared honeys, to which noth- 
ing has been added, to be adulterated; part of the fault possibly lies 
with the use of poor methods by chemists, but not all of it. Ifa bee 
keeper treats pure honey so that its chemical composition is changed, 
it is no longer honey, and should not be sold for such. Several of 
the most widely circulated text-books on apiculture advocate very 
questionable practices. 

There are several text-books giving detailed information as to the 
production and care of extracted honey. It is not the purpose of 
this paper to replace these, but to point out the main principles to be 
observed, and especially to call attention to a few points which do 
not seem to be understood by the majority of honey producers. Many 
details which are apparently unnecessary in most cases are omitted, 
since the writer believes that each bee keeper must find out many 
minor details in his own experience, and less important phases of 
the work may better be learned from other sources. 


THE ADVANTAGES OF THE PRODUCTION OF EXTRACTED HONEY. 


It is not the purpose of this paper to advocate the production of 
extracted honey as preferable to that of comb honey, nor would it be 
at all desirable to have the production of fancy comb honey dimin- 
ished. For the benefit of the honey market, however, it could not 
result in anything but good were the poorer grades of comb honey 
to be sold as extracted. The discolored (‘travel-stained”) and 
irregularly or partially capped comb honey found on so many mar- 
kets 1s a poor advertisement for the the bee keeper who tries to © 
produce a fancy article. 

The production of extracted honey means considerably less labor 
for the bee keeper and also less work of certain kinds for the bees, ~ 
for it is not necessary for the latter to secrete so much wax. Since 
it takes several pounds of honey under most conditions to produce 1 
pound of wax, the surplus per colony is greater with extracted honey 
than with comb, but this is compensated by the fact that comb honey 
of equal grade universally sells at a higher price. 

In the production of extracted honey it is much easier to control 
swarming, since the brood chamber is not contracted so much and the 
- queen has an opportunity to work to her maximum capacity. On 
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the other hand, the colony is usually stronger, with more field bees; 
this is probably a large factor in the increased amount of surplus 
obtained from a colony run for extracted honey. 

When the honey flow begins, the bees can at once commence to store 
honey in extracting combs, provided the bee keeper is careful to put 
them on in time, but in comb honey production it is first necessary 
for the bees to secrete a considerable quantity of wax before there is 
room for honey in the surplus boxes or sections and honey is con- 
sequently stored in the brood chamber; if much honey is stored here, 
the queen is cramped for room to lay. The novice at extracted honey 
production should be careful not to extract so much of the honey in 
the hive that the bees will not have enough to live on. This is a 
very common error until the bee keeper is taught by experience how 
much to extract. It is better to extract too little than too much. 


METHOD OF PRODUCING EXTRACTED HONEY. 
THE HIVE. 


The hive used for extracted honey production should be at least as 
large as 10 frames. However strongly the advocates of 8-frame 
hives or even smaller ones may urge the advantage of a contracted 
brood chamber in order to crowd the surplus honey into the upper 
stories, certainly these small hives have little place in the production 
of extracted honey. The queen should have at least 10 frames for 
brood rearing, if the bee keeper is to expect the maximum results. 
The use of large hives is upheld by the practices of the largest and 
best extracted-honey producers of the United States, and the small 
hives have small sale among extensive producers. 


BROOD MANIPULATION. 


In the production of honey, either comb or extracted, it must be 
remembered that if the honey flow is short, only those bees which are 
fully developed at the beginning of the flow are of any value in honey 
gathering. The amount of brood reared normally increases at the 
beginning of a honey flow, especially with Italian bees, but this brood 
is rarely of much use in producing honey gatherers. In many cases 
it may be desirable to retard brood rearing at the beginning of the flow 
by caging the queen or even by removing frames of brood. On the 
other hand, it is advisable to see to it that brood rearing is extensive 
for several weeks before a honey flow is expected. This may be 
brought about by stimulative feeding and by the cautious spreading 
of brood in the colony. This procedure usually pays well. <A care- 
ful study of locality conditions is necessary before planning opera- 
tions of this nature. 
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Before, or just at the time of the beginning of the honey flow, a 
hive body exactly similar to the brood chamber should be given to 
the colony. Many bee keepers put only 8 or 9 frames in a 10-frame 
hive body used as a surplus chamber so that the bees will build thick 
combs. Since in uncapping the honey the comb is cut down to about 
normal thickness, this gives a place for the immediate storing of sur- 
plus honey and at the same time permits the bees to secrete some wax. 
The physiology of wax secretion 1s very imperfectly understood, but 
probably wax is always secreted, to a greater or less extent, during a 
heavy honey flow, and by spacing wide this wax is saved to the bee 
keeper. 

As the frames of the second hive body become filled, the honey may 
either be extracted at once and the frames returned to be refilled or an 
additional hive body full of frames may be put directly over the 
brood chamber and below the first surplus body. Bees go unwillingly 
through combs of sealed honey to empty combs higher up, but the new 
combs should be between the first two hive bodies. The reasons for 
tiering up hives rather than immediate extraction will be discussed 
under the heading of “ Ripening honey.” ‘This operation may be con- 
tinued as long as room is required, and the bees should never be 
unduly cramped for room. On the other hand, it is usually not desir- 
able to give too much room at one time for surplus, for the honey 
may be spread over all the combs and, as a result, the cells capped 
when not drawn out well. It is sometimes desirable in the early 
part of the season to give only two or three frames for surplus at 
first, gradually increasing the number as necessity arises. This 
is particularly the case in uncertain weather or in a light honey flow. 

When the surplus combs are first put on, one or two frames con- 
taining brood with the adhering bees are frequently placed in the sec- 
ond story and empty frames put in their place in the brood chamber, 
By this means the bees at once get into the second story, and this 
manipulation is a very desirable thing where brood frames are used 
for extracting. When only clean combs are used, these brood frames 
may be returned to the brood chamber in a day or two, for by that 
time they are usually no longer needed. Of course care must be 
taken not to lift the queen to the second story above the perfo- 
rated zinc. 

Some bee keepers prefer the use of shallow extracting combs of a 
depth about half that of the ordinary brood frame. The advantage of 
such a size of frame is, briefly, the possibility of putting on a smaller 
amount of storing room at one time, in consequence of which the 
honey is capped over in a better manner. In other words, the forcing 
methods of comb honey production are carried over into the produc- 
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tion of extracted honey. It would certainly be unwise to recommend 
or condemn this system in general, for its use should be governed by 
local conditions of the honey flow. In this case, as in many others, 
the maximum results may not be expected without a careful study of 
local conditions. Bee keepers talk a great deal about “ locality differ- 
ences,” and, as generally used, the term “ locality ” is only an excuse 
for a lack of information as to the true cause of various observed 
facts. It is nevertheless most true that there are scores of local 
differences which are great enough to bring success or failure, accord- 
ing as they are studied or neglected. 


PERFORATED ZINC. 


The use of a perforated zine queen-excluding board between the 
brood chamber and the surplus bodies is gaining in popularity. 
Without this zinc the queen is likely to go into the second story, or 
even higher, particularly toward the close of the season. Some bee 
keepers prefer to use combs for extracting which have never been used 
for brood, and if this plan is followed the perforated zinc is abso- 
lutely necessary. Honey extracted from dark combs which have been 
used for brood is darker in color as a rule than that produced in 
combs which have never contained brood. This is doubtless due to 
the fact that a certain amount of the larval skins and larval excreta 
which are packed at the bottom of brood cells becomes dissolved in 
the honey. These deposits in the cells are usually spoken of as 
“cocoons,” but certainly only a small part is really the silk of the 
cocoon. If this really were merely a cocoon, no possible objection 
could be made to the use of brood combs for extracting. It would 
probably do little good to advocate the universal use of only such 
combs as had not been used for brood rearing in the production of 
extracted honey, but a strict regard for cleanliness would most 
assuredly demand it. 


REMOVING HONEY FROM THE HIVE. 


Honey should not be taken from the hive until fully “ ripened.” 
When the time comes to extract, the frames should be lifted from the 
hive and the adhering bees shaken or brushed off. They may be 
brushed off with a regular bee brush, many styles of which are manu- 
factured, or a bunch of grass or weeds will usually answer as well. 
The only advantage of a regular brush is that it is always ready 
for use. 

If the honey flow is over or the bees are hard to manipulate on 
account of ‘their stinging, a bee escape is desirable. The escape is 
so arranged that the bees can pass down to the story below with 
comparative ease but can not get back. -Within a few hours the 
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‘upper story is cleared of bees and the frames of honey may be re- 
moved easily. If the queen is in the upper story, however, as she 
may be if no perforated zinc is used, or as she occasionally is any- 
how, the bees will not desert the brood, and there will still be bees 
on the combs. Escapes may be put on by quickly lifting the upper 
story and inserting the board in the evening, and by the next morning 
the upper story will usually be entirely clear of bees. 

After the combs are removed from the hive, they should be kept 
covered so that the bees in the air will not begin to rob. The manner 
of carrying them to the extracting room will depend on the number 
of combs to be carried and the arrangement of the apiary. Tin 
buckets holding five combs at a time may be used; an extra hive body 
is often fixed with a handle and cloth cover, or the entire hive body 
may be carried in on a cart or otherwise if it is free from bees. 


THE EXTRACTING ROOM. 


The place where the honey is extracted should be so arranged that 
no bees can enter it when attracted by the odor of the honey. The 
windows should be so built that if some bees do enter they can easily 
get out through bee escapes or cones so constructed that no other bees 
will be able to find the opening. Bee escapes-may be used, but usu- 
ally a better pian is to have the windows covered with wire cloth 
tacked on the outside, the wire cloth extending above the window 
about 6 inches and held away from the side of the house by quarter- 
inch strips. Bees almost always crawl upward and they will crawl 
up the netting and out through the top openings, but other bees will 
not try to get in that way. A screen so arranged will allow a very 
large number of bees to escape very quickly. That the extracting 
room be “bee tight” is practically the only absolute requirement, 
Honey should never be extracted in the open air except during a 
heavy honey flow, when bees are not inclined to rob. Where several 
aplaries are under the management of one man, it is sometimes de- 
sirable to make a portable extracting house on wheels so that it may be 
taken from place to place. | 


UNCAPPING HONEY. 


The honey, before it is extracted, must be uncapped, and this should 
be done with a long knife which is kept sharp, clean, and warm. 
There are several types of uncapping knives. If a considerable 
amount of honey is to be extracted, it is desirable to have two or more 
knives for each operator so that one may be heated in hot water as_ 
the other is used. 

_ As the cappings of wax are cut off some honey flows out, and con- 
sequently the uncapping should be done over a regular uncapping box 
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orcan. This may be easily made at home to suit individual require- 
ments, or any one of the several types offered for sale may be used. 
The boxes are either made of metal or lined with tin to prevent the 
leakage of honey, and about halfway up is a heavy wire netting 
to catch the wax cappings and allow the honey to drain off into the 
lower compartment. This honey may later be added to what comes 
from the extractor. 
THE EXTRACTOR. 


_ The extractor consists of two or more baskets into which the combs 
of honey are placed and which are revolved inside or with a can. 
The rotation drives out the honey by centrifugal force, leaving the 
cells empty, provided the uncapping has been thoroughly done. 
While the extractor is a very simple machine in principle, its con- 
struction has been the subject of much experimenting, and various 
types have been made. The best type of extractor has been found to 
be one in which the surrounding can is stationary and the baskets are 
arranged to revolve inside it. Some types are now made so that the 
baskets may be turned and both sides of a comb emptied without 
removing the frame from the basket of the extractor. The more 
elaborate types, holding several frames and driven by power, may be 
found described in catalogues of the dealers in bee keepers’ supplies. 

The extracted honey flies to the side of the can and then runs to 
the bottom of the machine; it then runs off through an opening at 
the bottom into a vessel or tank for the purpose. As it leaves the 
extractor it should be run through a cheese cloth to remove any par- 
ticles of wax or other foreign substance which may have got into it. 
The care of the honey will be described later. 

Empty combs wet with honey should not be returned to the bees 
while extracting is in progress, for fear of inciting robbing. They 
may be piled up in the extracting room until the work is almost com- 
pleted and, if any additional honey flow is expected, they may then 
be returned. If to be kept until the next year, they should be given 
to the bees for a short time to be cleaned of honey, and then removed 
and put away so that wax moths will not destroy them. The great- 
est essential in the production of the maximum amount of extracted 
honey is an adequate number of surplus combs. 


THE RIPENING OF HONEY. 


When nectar is gathered from flowers by the worker bees, the 
amount of water. contained in it is very high. It is generally sup- 
posed that, by the time bees reach the hive to deposit the nectar in the 
cells, part of this water has been removed; at any rate, during the 
process of ripening, the amount of water is very much reduced, until, 
in thoroughly ripened honey, it will not exceed 25 per cent and is gen- 
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erally not more than 20 per cent. Some very ripe honeys will have as 
little as 12 per cent of water in them. If more than 25 per cent of 
water remains in the honey at the time of extraction, it will probably 
ferment. The ripening of honey consists not only of the evaporation 
of the surplus water of the nectar, but especially of the transforma- 
tion of the sugars of the nectar into the levulose and dextrose of 
honey. Unripe honeys contain a larger proportion of sucrose or cane 
sugar, and it is probable that the longer the honey remains in the hive 
the less of sucrose will be found in the honey. While honeys vary all 
the way from zero to 8 or 10 per cent in their sucrose content, the pur- 
est honeys are those which contain the least. The official honey 
standard of the Association of Official Agricultural Chemists allows 
8 per cent of sucrose in honey. 

It is the policy of most bee keepers to allow this ripening to take 
place in the hive by waiting until the honey is almost all or entirely 
capped, and this is mdoubtealy the preferable method. Itis a matter 
of common observation that honey which remains in the hive for a 
long time has a better “ body” and has more of the characteristic 
honey aroma. By ripening in the hive honey gets its characteristic 
flavor to a greater extent than is possible in evaporation outside the 
hive. 

Several machines have been devised for the artificial ripening of 
honey which has been extracted “ green,” that is, with too great a 
water content. The principle on which all of these are constructed ~ 
is the application of heat, not to exceed 160° F., for a sufficient. time 
to reduce the amount of water present to about 20 per cent. Either 
sun heat or artificial heat may be used. In the western part of the 
United States honey may be, and usually is, extracted before it is all 
capped, because it is the general practice of bee keepers to run the 
honey directly from the extractor to large tanks, sometimes holding 
several tons, out in the open, covered with porous cloth tightly tied 
down to exclude bees. Many of these tanks are contracted at the top, 
leaving only a comparatively small opening. On account of the 
extreme dryness of the atmosphere and total lack of rain during the 
dry season, this partial evaporation outside of the hive takes place 
very rapidly. 

The advocates of ripening outside of the hive argue that, if honey 
is extracted before all the water is removed from it, the bees have 
less to do inside the hive and can devote almost all their time to 
gathering nectar in the field. This obviously would result in an 
increased amount of nectar and, consequently, provided the forage 
will produce it, in an increased amount of honey. They argue that 
it is impossible to detect any difference between honey ripened inside 
the hive and that ripened outside, as far as flavor is concerned, but 
this is a point on which many other bee keepers and experts in honey 
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tasting do not agree with them. It must be admitted that, for gen- 
eral sale, the delicate aromas of well-ripened honey are not necessary, 
since the purchasing public is, as a rule, not educated on this point; 
but it certainly pays to produce the very best article possible for the 
further education of the trade, and, therefore, a thorough ripening 
inside the hive is very much preferable. To insure this, it is better 
to tier up the hives rather than extract as soon as a hive body is full. 

On all honeys, after extracting, 1f allowed to stand in a vessel, 
a scum will rise to the top, made up of impurities, such as wax, 
brood, dead bees, and particles of dirt which may get into it. This 
is particularly the case with honeys which are extracted when not 
thoroughly ripened. In all cases honey should be strained as it 
leaves the extractor and subsequently skimmed until no further 
impurities come to the top. It is frequently the practice to draw 
honey from the bottom of the tank in which the honey is stored 
through a “ honey gate,” so that the impurities do not get into the 
smaller receptacles in which the honey is to be packed. 

The thorough ripening of honey can not be too strongly recom- 
mended. Honey attracts moisture, and there is always a tendency 
for a very thin layer to form on the top in which the water content 
is very high. In such a film the amount of sugar is low, the acetic- 
acid-forming bacteria can grow rapidly, and the honey becomes 
sour. In thoroughly ripened honey it is very probable that a film 
of thinner honey is always present, but in such a case the sugar con- 
tent is so high that the bacteria can not grow. 

It is desirable that honeys from ditferent sources be kept separate 
as far as possible if the product is to be used for the bottling trade. 
This can be done only by extracting at the close of each honey flow. 
While it is probably impossible to get a honey from only one 
species of plant, except under the most unusual circumstances, at 
the same time honey may generally be removed at the close of each 
flow, so that the total quantity will have the characteristic flavor im- 
parted by a single kind of flower. | 


THE GRANULATION OF HONEY. 


Almost all honeys granulate or “ candy ” after a certain time, and 
may become solid. This phenomenon varies greatly with different 
honeys. [or example, alfalfa honey produced in Colorado will often 
granulate solid within a few weeks from the time it is extracted, 
while the white-sage honey of southern California will often remain 
liquid and entirely clear of crystal for two years and sometimes 
longer, if properly put up. The reason for this difference in the 
time of granulation will be discussed under the heading of * Types of 
Honey.” Honey from the same species of plant varies somewhat in 
this respect in different localities. 
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Formerly the general public was suspicious of granulated honey, 
in the belief that it contained cane sugar, but, fortunately, it is now 
generally understood that pure honeys will granulate in time, and 
this crystallization is generally considered as a test of purity. The 
education of the purchasing public has so far progressed that now 
some bee keepers prefer to sell their honey in a solid granulated con- 
dition, it being cut up into bricks and wrapped in oil paper. 

In bottling honey, or in putting honey from any large receptacle 
into smaller ones, it is necessary to liquefy the entire quantity com- 
pletely before the operation is begun. This may be done by im- 
mersing the receptacle in water which has been heated to 160 or 
170° F., and letting it remain until the honey is all liquid and free 
from crystals. Honey should never be lquefied by direct applica- 
tion of heat, and it is extremely important that it should not reach 
a temperature of more than 160° F. It is well known to almost all 
bee keepers that honey heated to higher temperatures will become 
darker in color and lose flavor, and, consequently, they are generally 
very careful on this point. There is, however, a very much more 
important reason for avoiding high temepratures. When honey is 
heated to 180° F. and more, the higher alcohols which give honey 
its aroma are driven off and, more than that, a decomposition of cer- 
tain of the sugars takes place; this 1s what gives the darker color 
to the honey. Of all the various substances used for the adulteration 
of honey the one most nearly resembling pure honey is invert sugar, 
of which Herzfelt’s artificial honey is one of the best illustrations. 
In the detection of adulteration, one of the tests for the addition of 
invert sugar 1s based on the presence of decomposition products due 
to heat. These decomposition products in invert sugar are probably 
identical with the decomposition products in overheated honey; at 
any rate, honey which has been heated to more than 180° F. for any 
considerable time gives the test for invert sugar and would, there- 
fore, be declared to be adulterated if this test were applied by a 
chemist. A bee keeper might argue that he was not infringing on the 
pure-food law in overheating his honey, since he had added nothing 
in the way of an adulterant. If, however, he changes the chemical 
composition of his honey by injudicious treatment it is no longer. 
pure honey, and he has no right to sell it under that name. 

It is very much safer to liquefy honey at a temperature of about 
140° F. and thus avoid any danger of decomposition. If this lower 
temperature is used it 1s of course necessary to keep the honey at this 
temperature for a considerable time, but the safety of such a pro- 
ceeding makes the extra time well worth while. 

Two or three of the most widely circulated American text-books 
on bee keeping advocate the drawing off of the liquid portion of 
granulated honey, particularly in the case of honey which was not 
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thoroughly ripened before it was extracted. The granulated portion 
is then allowed to liquefy and is recommended as a very fine quality 
of honey. This practice is in no way permissible, as will be readily 
seen if the composition of honey is studied. Honey is made up of 
dextrose and levulose in about equal quantities, sucrose, a certain 
amount of ash, and water. In granulation, the dextrose crystallizes 
readily and the levulose probably does not granulate at all, If, then, 
the liquid portion, consisting largely of levulose, sucrose, and water, 
is removed by draining or by pressure, the remaining portion is not 
honey, but dextrose. However fine the flavor of such a compound 
may be, it is not honey and can not truthfully be sold as such. 

Since honey separates into its component parts in granulation, it 
is very necessary that all the honey in the receptacle be liquefied and 
thoroughly mixed before any portion is removed from it for bottling 
or canning. If, for example, honey is in a 60-pound can and is to be 
‘transferred to 1-pound bottles, it is necessary that the entire 60 
pounds be liquefied and mixed before any is poured out into bottles, . 
in order that all the bottles may contain honey according to the legal 
standard. Unless this is done, some of the bottles will contain a 
high percentage of dextrose and will granulate rapidly, while others 
will contain a preponderance of levulose and will not granulate for a 
long time. Unless this mixing is done thoroughly, none of the bot- 
tles will contain absolutely pure honey. In order to protect himself, 
the bee keeper must be very careful on this point. Some bee keepers 
prefer to pour the honey cold into the bottles and heat it afterwards 
before sealing. As a matter of convenience this has many points in 

its favor, but in view of the separation into component parts which 
may take place it is a bad practice. The honey should first be heated 
and liquefied completely, especially if honeys from several species of 
flowers are to be blended. 

As previously stated, there has existed and possibly still exists a 
popular idea that granulation indicates adulteration by the addition 
of cane sugar. This is of course untrue, since pure honeys do granu- 
late solid. Many bee keepers in combating this idea have stated that 
this very granulation is a test of the purity of the honey. This 
statement, so frequently made, is equally untrue, since invert sugar, 
one of the adulterants sometimes used, will also crystallize solid as 
rapidly as do most honeys. 

Age seems to affect honey greatly. Repeated granulation and lique- 
faction, as the temperature varies year after year, in some way affects 
the chemical composition of the honey, changing the product so that 
it may not have the composition that it had at first. Some honey 
thirty-five years old, submitted to this Department, was found to 
contain too much sucrose. A sample of the same honey had _ pre- 
viously been analyzed by two official chemists and declared to be 
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adulterated; but the history of the sample precluded this possibility. 
The honey had apparently changed greatly with age in appearance 
as well as in composition. 

Some bee keepers make a practice of adding a very small amount 
of glycerin to the honey to prevent granulation. This should not be 
done, for it is adulterating the honey. Some have argued that, since 
glycerin costs so much more than honey, they are not adulterating 
in that they are not adding something cheaper to the honey to increase 
their profit. According to pure-food laws, however, nothing can be 
added to honey unless the addition is specifically stated, and the 
addition of even a small amount of glycerin is, in the eyes of the law, 
as great an offense as the addition of glucose. 


HEATING HONEY FOR THE DESTRUCTION OF THE BACTERIA OF 
DISEASE. 


The only condition under. which honey should be heated to a higher 
temperature than 160° F. is in the case of honey which has been ex- 
tracted from a colony containing foul brood. In order to kill the 
bacteria of either of the brood diseases, it is desirable to dilute the 
honey by adding an equal amount of water and then raise the temper- 
ature to the boiling point and keep it there, allowing the mixture 
to boil vigorously for at least thirty minutes; in order that no risk 
may be run, it is better to make this one hour. Honey which is so 
treated is changed chemically and is no longer pure honey, but it 
makes a good sirup for feeding to bees and is the best way of using 
honey from an infected source. Too much care can not be exercised 
in bringing this to the proper temperature, and it must be remem- 
bered that the resulting product is not heney, but a sirup, the chemical 
composition of which is quite unlike that of pure honey. 


PACKING OF EXTRACTED HONEY. 


If honey tends to granulate rapidly, it will save much trouble in 
liquefying to put it into the receptacle in which it is to be sold as soon 
after extraction as possible. There will then be no difficulty from 
the various ingredients becoming separated. To preserve the deli- 
cate aromas it is desirable that honey be sealed as soon as possible. 

When honey is put up in less than 3-pound packages it is generally ~ 
bottled. A bottle makes a much more attractive package than a tin 
can and shows off the contents. There is no doubt of the fact that 
‘honey sells largely on its appearance, and too much care can not be 
exercised in packing and labelling so as to make the package attract- 
ive to the purchaser. In cases where a bee keeper sells directly to a 
local trade he may educate his customers to judge his honeys by their 
flavor, in which event it is immaterial what kind of package is used, 
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and honey may even be run out from a large can into a vessel fur- 
nished by the customer when the honey is delivered. It is too often 
the case, however, that bee keepers put up their honey in such poor, 
unsightly packages that they can get only a low price for their 
goods. 

If honey is put up in more than 3-pound packages, tin cans are 
generally used and the most common receptacle is a square can hold- 
ing 5 gallons (60 pounds). Two of these are usually boxed together 
for shipment. Square and round cans of various types are often 
used for smaller quantities. Barrels are preferred by some for large 
shipments for the baking and confectionery trade, but their use can 
not always be advised. Before honey is put into it, a barrel must be 
thoroughly dry, and tight when dry, because of the fact that honey 
takes up a certain amount of moisture, and if, when the honey is put 
into it, the barrel is damp, the honey will absorb the moisture, caus- 
ing the barrel to leak. Barrels also absorb a certain amount of 
honey. In dry climates particularly barrels should be used with 
caution. 

When honey is packed in bottles, it is desirable that granulation 
be retarded, since a bottle of partially granulated honey is not attract- 
ive. To aid in the retarding of granulation, the honey should be 
entirely liquefied and thoroughly mixed in a large can and run into 
the bottle warm. The bottle should be as full as possible and sealed 
hermetically while still warm. Granulation usually begins on the 
edges of the top line of the honey and spreads rapidly from these 
points. This is probably because some honey gets upon the sides 
and partially dries. It is therefore desirable that the honey fill the 
bottle clear to the cover to prevent this. It must also be free of 
bubbles. Bottles may be hermetically sealed by using some style of 
clamp cover or by sealing a cork with a mixture of beeswax and resin. 
This mixture may be colored by the addition of a dye. Granulation 
may be considerably retarded by keeping the honey at a nearly uni- 
form temperature. This should not be less than 65° F. and is much 
better at 90° to 100° F. While the honey is in the hands of the pro- 
ducer or bottler, it may be kept liquid for a long time in this way, 
but of course when sold it is generally subject to changes of tempera- 
ture. Honey, either in the comb or extracted, should never be kept 
in a cool or damp place. - 


THE PRODUCTION OF “ CANDIED’ HONEY. 


Honeys of the average type, relatively free from nonsugars, such as 
that made from alfalfa, soon granulate solid and are sometimes sold 
in bricks. Granulation may be hastened by changes of temperature 
and by stirring. If it is desired to have a can of honey granulate 
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rapidly, it may be carried from a warm room out doors in winter and 
back again at intervals of a day or two for a couple of weeks. If 
this is accompanied with occasional stirring when granulation first 
begins, the whole can will soon be a solid cake. Honey may also be 
poured into smaller receptacles, such as waterproof pasteboard car- 
riers or oyster pails, and allowed to crystallize in the package in which 
it is to be sold. If allowed to granulate solid in a large tin can, the 
tin may be cut away and the honey cut into bricks with fine wire 
in the way that prints of butter are sometimes prepared. 

A market for “honey bricks” must generally be built up locally, 
for as yet the general public has not learned to look for honey in such 
shape. The cost of the package is less than that of bottles, and the 
granulated honey is by some considered superior for table use to 
liquid honey. Several bee keepers have used this method with suc- 
cess and claim that it gives great satisfaction to their customers. 


HONEY TYPES. 


It is well known that honeys from different plants vary consider- 
ably in taste, color, granulation, etc. ‘The taste and color are given to 
honey by the plants from which the nectar is derived. Granulation 
may be considered as a property of all honeys, or rather of the dextrose 
contained in all of them, and, from a study of the chemical compo- 
sition of many samples, it seems probable that all honeys would crys- 
tallize were it not for the fact that some of them contain an excess 
of either noncrystallizable levulose or dextrin, gums, and other non- 
sugars. The following table will make this point clear: 

I. Normal honey (from nectaries of flowers). 
1. High purity (high in sugars, relatively low in dextrin, gums, and 
othér nonsugars). 
A. Levulose type, e. g., mangrove, tupelo, sage. 
B. Average type. 
a. High in sucrose, e. g., alfalfa. 
b. Low in sucrose, e. g., buekwheat. 
2. Low purity (relatively high in dextrin, gums, and other nonsugars, 
e. g., basswood, sumac, poplar, oak, hickory, apple, most tree 
honey ). 
II. Abnormal honey (not from nectaries of flowers; generally high in dextrin, 
gums, and other nonsugars). 
1. Honeydew honey (from aphides and other insects). 
2. Coniferous honey (plant exudations not from nectaries). 


Honeys containing approximately the same amount ot levulose and 
dextrose and which are high in sugars (average type) granulate 
readily. Very few honeys have more dextrose than levulose. If, 
however, the levulose is considerably greater than the dextrose (levu- 
lose type), or if the nonsugars are relatively high (low purity and 


PRODUCTION AND CARE OF EXTRACTED HONEY. 15 


abnormal honeys), granulation is retarded. Some honeydew granu- 
lates rapidly, but no abnormal honeys of that type were included in 
the samples examined, consequently they are not included in the table. 

~The use of the terms “ high” and “ low” purity in this table must 
not be taken to indicate the comparative values of the various honeys. 
Low-purity honeys which have relatively more dextrin, gums, and 
other nonsugars are just as good honeys as those of. the high-purity 
elass. Abnormal honeys, however, are less desirable. The presence 
of the nonsugars in low-purity honeys may be due largely to a shght 
admixture of honeydew, since most honeys contain a trace of this. It 
must be remembered in considering this subject that practically no 
honey is from a single species of plant, and therefore they will vary 
considerably, according to the other nectars added to them as well as 
according to local soil and climatic conditions. 


METHODS OF HONEY TESTING FOR BEE KEEPERS.’ 


By C. A. Browne, Ph. D., 
Chief, Sugar Laboratory, Bureau of Chemistry. 


The most common forms of adulteration which are practiced at 
present in the sophistication of honey are the addition of commercial 
glucose, cane sugar, and invert sugar. The adulteration of honey 
by dilution with water is less commonly practiced; such addition 
is easily recognized by the increased fluidity of the honey, and there 
is, besides, the increased danger that the product will spoil through 
fermentation. It is often desirable, however, for the bee keeper to 
know the approximate percentage of moisture in his products in 
order to avoid the marketing of unripe honey which might exceed 
the limit for water allowed by the standards (25 per cent). The 
average water content of American honey, according to the average 
for 99 pure samples analyzed in the Bureau of Chemistry, is 17.59 
per cent, so that there is above this a margin of more than 7 per cent 
in which the moisture of honeys may be allowed to fluctuate. 

The accurate determination of moisture in honey in the chemical 
laboratory is a somewhat complicated process. A carefully weighed 
amount of the honey is evaporated at a temperature of about 160° F. 
in a vacuum chamber until no more moisture is given off, and the loss 
in weight during the interval is calculated as water. For the bee 
keeper such a method of determination is too involved and compli- 
cated; there is, however, a much simpler method by means of which 
the moisture content of a honey can be determined with ease and 
rapidity and with a fair degree of accuracy. This is by means of a 
specific gravity float or spindle. The liquefied honey is poured into 
a tall cylinder and immersed in hot water of 170° F. temperature. 
The honey is stirred with a thermometer and as soon as the tempera- 
ture has reached 160° F.. the spindle is lowered into the honey and 
allowed to come to rest. The point at which the surface of the honey | 


aThis paper was prepared by Doctor Browne of the Bureau of Chemistry after 
the completion of his work on honey analysis. For greater detail the reader 
is referred to Bulletin 110 of the Bureau of Chemistry, entitled ‘“ Chemical 
Analysis and Composition of American Honeys.” This bulletin may be obtained 
from the Superintendent of Documents, Government Printing Office, Washing- 
ton, D. C. It can not be obtained from the Bureau of Entomology.—E. F. P. 
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cuts the graduation mark upon the spindle indicates the percentage of 
water in the honey. 

For the accurate determination of glucose, cane sugar, and other 
adulterants, the bee keeper will usually be obliged to resort to the 
services of a chemist. This is especially true as regards cane sugar, 
as there is no simple test for this substance which can be applied by 
the ordinary layman. As regards glucose and added invert sugar, 
however, there are certain simple colorimetric tests which can be 
easily and quickly carried out. 

A good colorimetric test for the presence of commercial glucose or 
starch sirup in honey is that of Beckmann, by means of a dilute solu- 
tion of iodine in potassium iodide. One part of the honey to be ex- 
amined is dissolved in one part by volume of water in a test tube 
and shaken up with a few drops of the iodine solution. If the honey 
solution remains a pale yellow, commercial glucose is probably absent ; 
if the solution is colored a red or purple, however, the presence of glu- 
cose sirup is clearly indicated. In making this test it 1s always best 
to carry out a comparative test under similar conditions, using a 
honey of known purity and adding the same number of drops of 
iodine solution. In this manner a reliable comparison of colors can 
be secured. 

The adulteration of honey with invert sugar sirup is being prac- 
ticed to some extent in this country, though not as widely at present 
as in certain European countries. This sirup has in many respects 
the same composition as pure honey; it is deficient, however, in ash, 
albuminoids, and other constituents which occur in honey in small 
amounts. Through the action of the high temperature of boiling a 
small quantity of decomposition products of sugar is produced in this 
artificial honey which serves to distinguish it from pure honey unless 
the latter has been boiled for some time, in which case it also will con- 
tain decomposition products similar to those contained in the invert 
sugar sirup. An easy test for artificial invert sugar in honey is by 
means of a concentrated solution of aniline acetate. This reagent 
should be prepared freshly each time before using. Five cubic centi- 
meters of chemically pure aniline are shaken up with 5 cubic centi- 
meters of water and 2 cubic centimeters of glacial acetic acid added. 
The milky emulsion of aniline and water should clear up perfectly 
on addition of the acid. About 5 cubic centimeters of the honey to 
be tested are diluted in a test tube with an equal volume of water and 
a little of the aniline solution poured down the walls of the tube so as 
to form a thin layer upon the surface of the liquid. If artificial 
invert sugar is present, a red ring will form beneath this layer, and 
on gently agitating the tube the whole quantity of aniline acetate will 
be tinged this color, the depth of coloration depending upon the 
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quantity of artificial invert sugar present in the mixture. Pure 
honeys which have not been spoiled by overheating do not give this 
reaction. 

In carrying out the tests previously described only a very small 
outlay in apparatus will be required. ‘The special spindles for de- 
termining the water content of honey and the other apparatus can 
be obtained from any manufacturer of chemical goods. Glass or 
metal cylinders for containing the honey while spindling will be 
needed, as also a collection of test tubes and racks. A small 50 cubic 
centimeter graduated cylinder will also be found useful for measur- 
ing out the volume of honey solutions and of reagents. All appa- 
ratus should be thoroughly cleaned and rinsed after using, as any 
contamination with impurities may affect the accuracy of the tests. 
The drugs specified may be purchased of any druggist. 


O 


IV. THE RELATION OF 


< ¥ 
r - 
a ; 
* 


U.S. DEPARTMENT OF AGRICULTURE, 
BUREAU OF ENTOMOLOGY— BULLETIN No. 75: 
~~ “L, O, HOWARD, Entomologist and Chief of Bureau. 


ISCELLANEOUS PAPERS ON. APICULTURE, 


I. PRODUCTION AND CARE OF EXTRACTED HONEY. 


By KE. F, PHILLIPS, Pu. D., Jn Charge of Apiculture. 


_. METHODS OF HONEY TESTING FOR BEE. KEEPERS. 


By C. A. BROWNE, Pu. D., Chief, Sugar Laboratory, Bureau of Chemistry. 


‘ae _ IL. WAX MOTHS AND AMERICAN FOUL BROOD. 


By E. F. PHILLIPS, Pu. D., In Charge of A piculture. 


— 


‘TIL. BEE DISEASES IN MASSACHUSETTS. — 


By BURTON-N. GATES, Expert in A piculture. 


THE ETIOLOGY (CAUSE) OF BEE DISEASES 
TO THE TREATMENT. | 


By G. F. WHITE, PH. D., Expert in Bacteriology. 


V. A BRIEF SURVEY OF HAWAIIAN BEE KEEPING. 


By E. F. PHILLIPS, Pu. D., In Charge of A piculture. 


VI. THE STATUS OF APIOULTURE IN THE UNITED STATES. 


By E. F. PHILLIPS, Px. D.5 In Charge of A piculture. 


VIL. BEE KEEPING IN MASSACHUSETTS. 


By BURTON N. GATES, Expert in Apiculture. 


Mf 


i = 
¥/- =n 
LAK TE 
phi ve Sar, 
UAihin if 
ff =. yi : 
/ 
1 (AB, 
\ 7a «tf 
a» e — 
WASHINGTON: Rei 7 et. 
GOVERNMENT PRINTING OFFICE, Seem, 
1911. 


Ries DEPARTMENT-OF AGRICULTURE, 


BUREAU OF ENTOMOLOGY— BULLETIN No. 75. 
L. O. HOWARD, Entomologist and Chief of Bureau. 


MISCELLANEOUS PAPERS ON APICULTURE. 


I. PRODUCTION AND CARE OF EXTRACTED HONKY. 


By E. F. PHILLIPS, Pu. D., In Charge of Apiculture. 


METHODS OF HONEY TESTING FOR BEE KEERPERS. 


By C. A. BROWNE, Pu. D., Chief, Sugar Laboratory, Bureau of Chemistry. 


Il. WAX MOTHS AND AMERICAN FOUL BROOD. 


By E. F. PHILLIPS, Pu. D., In Charge of A piculture. 


III. BEE DISEASES IN MASSACHUSETTS. 


By BURTON N. GATES, Expert in A piculture. 


IV. THE RELATION OF THE ETIOLOGY (CAUSE) OF BEEK DISEASES 
TO THE TREATMENT. 


By G. F. WHITE, Pu: D., Expert in Bacteriology. 


Vy. A BRIEF SURVEY OF HAWAIIAN BEE KEEPING. 


By E. F. PHILLIPS, Pu. D., In Charge of Apiculture. 


VI. THE STATUS OF APICULTURE IN THE UNITED STATES. 


By E. F. PHILLIPS, Pu. D., In Charge of Apiculture: 


VII. BEE KEEPING IN MASSACHUSETTS. 


By BURTON N. GATES, Expert in Apiculture. 


fes=K= SS SS 


Mea 
Tae 


: =t 


Vie 
; = 2 


eililisas 
loa 
ial 


[at 


| 
wa 
aay BN 


isi 


i 


mill 
ey ils seal 


y : 
Wi 433 ES 


wo 
S 

G 
« 


>! |! 
i 


c= 
I 
* 


i 


a 


i 
SVS 


th 
zd 
—Y A | 


— 
< 
5 
< 


AN 
{I 
i 

Vez 


\ 
Ze 
fe AEG 
| Vige = 
yy = 
Ss 
eA 1S 
=a 
==s aN 
——=,\i) 
<a 
Ihe 
II 


The a 
Wee Lu 
Its 


WASHINGTON: 
GOVERNMENT PRINTING OFFIOR, 
US a a Be 


BUREAU OF ENTOMOLOGY. 


L. O. Howarp, Entomologist and Chief of Bureau. 
C. L. Maruarr, Entomologist and Acting Chief in Absence of Chief. 
R. 8. Currron, Executive Assistant. 
W. F. Taster, Chief Clerk. 


. H. CHITTENDEN, tn charge of truck crop and stored product insect investigations. 
. D. Hopxtins, wn charge of forest insect investigations. 
W. D. Hunter, in charge of southern field crop insect investigations. 
. M. WEBsTER, in charge of cereal and forage insect investigations. 
. L. QUAINTANCE, 7n charge of deciduous fruit insect investigations. 
. F. Puruirs, in charge of bee culture. ' 
D. M. Rocsrs, in charge of preventing spread of moths, field work. 
Rouia P. Currisx, in charge of editorial work. 
MABEL CoLcorD, librarian. 


BEE CULTURE INVESTIGATIONS. 


E. F. Purures, in charge. 


. F. Waite, expert in bacteriology. 

. N. Gatss,@¢ A. H. McCray, apicultural assistants. 

. A. Netson, R. E. Snoperass,@ agents and experts. 

ELLEN M. DasHIELL, entomological preparator. 

T. B. Symons, College Park, Md., collaborator for Maryland. 
H. A. Surrace, Harrisburg, Pa., collaborator for Pennsylvania. 


1 


a Resigned. 


LETTER OF TRANSMITTAL. 


UNITED STATES DEPARTMENT OF AGRICULTURE, 
BUREAU OF ENTOMOLOGY, 
Washington, D. C., December 3, 1910. 
Str: I have the honor to transmit herewith, for publication as 
Bulletin No. 75, seven papers dealing with bee culture. These 
papers, which were issued separately during the years 1907, 1908, 
and 1909, are as follows: Production and Care of Extracted Honey, 
by E. F. Phillips, and Methods of Honey Testing for Bee Keepers, 
by C. A. Browne; Wax Moths and American Foul Brood, by E. F. 
Phillips; Bee Diseases in Massachusetts, by Burton N. Gates; The 
Relation of the Etiology (Cause) of Bee Diseases to the Treatment, 
by G. F. White; A Brief Survey of Hawaiian Bee Keeping, by E. F. 
Phillips; The Status of Apiculture in the United States, by E. F. 
Phillips; Bee Keeping in Massachusetts, by Burton N. Gates. 
Respectfully, 
L. O. Howarp, 
Chief of Bureau. 
Hon. JAMES WItson, 
Secretary of Agriculture. 
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MISCELLANEOUS PAPERS ON APICULTURE. 


PRODUCTION AND CARE OF EXTRACTED HONEY 


By K. I’. PHILiies, Ph. D., 
In Charge of Apiculture. 


- INTRODUCTION. 


Since the invention of the centrifugal honey extractor, in 1865, and 
its introduction into America, a constantly increasing proportion of 
the honey of the United States has been put on the market as ex- 
tracted. Formerly honey was rendered free from comb by mashing 
full combs of honey and straining the liquid through a cloth. This is 
“ strained honey,” but the same name still clings, in some quarters, to 
the article removed from the comb by centrifugal force. The pro- 
duction of extracted honey requires much less labor on the part of 
the bee keeper than does the production of comb honey, and it has 
several advantages over the latter. The principal reason why ex- 
tracted honey,is more generally produced in the United States than 
formerly may probably be found in the increasing demand for honey 
for baking and confectionery purposes; considerably more than half 
of the honey put on the markets is used in this way. 

The ease with which extracted honey may be adulterated has, how- 
ever, made the general public sceptical as to its use for table purposes; 
glucose, cane sugar, invert sugar, and other adulterants have been 
very extensively used, and are still used to some extent. However, 
the passage of the food and drugs act of June 30, 1906, and the recent 
work of this Department in the inspection of the honey market have 
resulted in much good, and persons who have openly adulterated ex- 
tracted honey in the past are now generally obeying the law. While 
there is still some cause for complaint, the percentage of adulteration 
must gradually decrease. The effect of pure-food agitation can not 
but result in great good to the honest honey producer and bottler. 

The chemical detection of honey adulteration has been made more 
certain by the recent investigations of Dr. C. A. Browne, of the 
Bureau of Chemistry, and because of the improved methods advo- 
cated by him the detection of infringements of pure-food laws will 
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be easier in the future. For a discussion of this work the reader is 
referred to Bulletin No. 110 of the Bureau of Chemistry, entitled 
“Chemical Analysis and Composition of American Honeys.” 

Some of the common practices of bee keepers are, however, open 
to serious question, and it is primarily to call attention to these that 
the present paper is presented. It is possible to treat pure high- 
grade extracted honey so that on chemical examination it would be 
condemned or called in question. In the past there has been some 
trouble in cases where chemists have declared honeys, to which noth- 
ing has been added, to be adulterated; part of the fault possibly hes 
with the use of poor methods by chemists, but not all of it. If a bee 
keeper treats pure honey so that its chemical composition is changed, 
it is no longer honey, and should not be sold for such. Several of 
the most widely circulated text-books on apiculture advocate very 
questionable practices. 

There are several text-books giving detailed information as to the 
production and care of extracted honey. It is not the purpose of 
this paper to replace these, but to point out the main principles to be 
observed, and especially to call attention to a few points which do 
not seem to be understood by the majority of honey producers. Many 
details which are apparently unnecessary in most cases are omitted, 
since the writer believes that each bee keeper must find out many 
minor details in his own experience, and less important phases of 
the work may better be learned from other sources. 


THE ADVANTAGES OF THE PRODUCTION OF EXTRACTED HONEY. 


It is not the purpose of this paper to advocate the production of 
extracted honey as preferable to that of comb honey, nor would it be 
at all desirable to have the production of fancy comb honey dimin- 
ished. _For the benefit of the honey market, however, it could not 
result in anything but good were the poorer grades of comb honey 
to be sold as extracted. The discolored (‘“travel-stained”) and 
irregularly or partially capped comb honey found on so many mar- 
kets is a poor advertisement for the the bee keeper who tries to 
produce a fancy article. 

The production of extracted honey means considerably less labor 
for the bee keeper and also less work of certain kinds for the bees, 
for it is not necessary for the latter to secrete so much wax. Since 
it takes several pounds of honey under most conditions to produce 1 
pound of wax, the surplus per colony is greater with extracted honey 
than with comb, but this is compensated by the fact that comb honey 
of equal grade universally sells at a higher price. 

In the production of extracted honey it is much easier to control 
swarming, since the brood chamber is not contracted so much and the 
queen has an opportunity to work to her maximum capacity. On 
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the other hand, the colony is usually stronger, with more field bees; 
this is probably a large factor in the increased amount of surplus 
obtained from a colony run for extracted honey. 

When the honey flow begins, the bees can at once commence to store 
honey in extracting combs, provided the bee keeper is careful to put 
them on in time, but in comb honey production it is first necessary 
for the bees to secrete a considerable quantity of wax before there is 
room for honey in the surplus boxes or sections and honey is con- 
sequently stored in the brood chamber; if much honey is stored here, 
the queen is cramped for room to lay. The novice at extracted honey 
production should be careful not to extract so much of the honey in 
the hive that the bees will not have enough to live on. This is a 
very common error until the bee keeper is taught by experience how 
much to extract. It is better to extract too little than too much. 


METHOD OF PRODUCING EXTRACTED HONEY. 
THE HIVE. 


The hive used for extracted honey production should be at least as 
large as 10 frames. However strongly the advocates of 8-frame 
hives or even smaller ones may urge the advantage of a contracted 
brood chamber in order to crowd the surplus honey into the upper 
stories, certainly these small hives have little place in the production 
of extracted honey. The queen should have at least 10 frames for 
brood rearing, if the bee keeper is to expect the maximum results. 
The use of large hives is upheld by the practices of the largest and 
best extracted-honey producers of the United States, and the smal! 
hives have small sale among extensive producers. 


BROOD MANIPULATION. 


In the production of honey, either comb or extracted, it must be 
remembered that if the honey flow is short, only those bees which are 
fully developed at the beginning of the flow are of any value in honey 
gathering. The amount of brood reared normally increases at the 
beginning of a honey flow, especially with Italian bees, but this brood 
is rarely of much use in producing honey gatherers. In many cases 
it may be desirable to retard brood rearing at the beginning of the flow 
by caging the queen or even by removing frames of brood. On the 
other hand, it is advisable to see to it that brood rearing is extensive 
for several weeks before a honey flow is expected. This may be 
brought about by stimulative feeding and by the cautious spreading 
of brood in the colony. This procedure usually pays well. <A care- 
ful study of locality conditions is necessary before planning opera- 
tions of this nature. 
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Before, or just at the time of the beginning of the honey flow, a 
hive body exactly similar to the brood chamber should be given to 
the colony. Many bee keepers put only 8 or 9 frames in a 10-frame 
hive body used as a surplus chamber so that the bees will build thick 
combs. Since in uncapping the honey the comb is cut down to about 
normal thickness, this gives a place for the immediate storing of sur- 
plus honey and at the same time permits the bees to secrete some wax. 
The physiology of wax secretion is very imperfectly understood, but 
probably wax is always secreted, to a greater or less extent, during a 
heavy honey flow, and by spacing wide this wax is saved to the bee 
keeper. 

As the frames of the second hive body become filled, the honey may 
either be extracted at once and the frames returned to be refilled or an 
additional hive body full of frames may be put directly over the 
brood chamber and below the first surplus body. Bees go unwillingly 
through combs of sealed honey to empty combs higher up, but the new 
combs should be between the first two hive bodies. The reasons for 
tiering up hives rather than immediate extraction will be discussed 
under the heading of “ Ripening honey.” This operation may be con- 
tinued as long as room is required, and the bees should never be 
unduly cramped for room. On the other hand, it is usually not desir- 
able to give too much room at one time for surplus, for the honey 
may be spread over all the combs and, as a result, the cells capped 
when not drawn out well. It is sometimes desirable in the early 
part of the season to give only two or three frames for surplus at 
first, gradually increasing the number as necessity arises. This 
is particularly the case in uncertain weather or in a light honey flow. 

When the surplus combs are first put on, one or two frames con- 
taining brood with the adhering bees are frequently placed in the see- 
ond story and empty frames put in their place in the brood chamber. 
By this means the bees at once get into the second story, and this 
manipulation is a very desirable thing where brood frames are used 
for extracting. When only clean combs are used, these brood frames 
may be returned to the brood chamber in a day or two, for by that 
time they are usually no longer needed. Of course care must be 
taken not to lift the queen to the second story above the perfo- 

rated zinc. 
Some bee keepers prefer the use of shallow extracting combs of a 
depth about half that of the ordinary brood frame. The advantage of 
such a size of frame is, briefly, the possibility of putting on a smaller 
amount of storing room at one time, in consequence of which the 
honey is capped over in a better manner. In other words, the forcing 
methods of comb honey production are carried over into the produc- 
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tion of extracted honey. It would certainly be unwise to recommend 
or condemn this system in general, for its use should be- governed by 
local conditions of the honey flow. In this case, as in many others, 
the maximum results may not be expected without a careful study of 
local conditions. Bee keepers talk a great deal about “ locality differ- 
ences,” and, as generally used, the term “ locality ” is only an excuse 
for a lack of information as to the true cause of various observed 
facts. It is nevertheless most true that there are scores of local 
differences which are great enough to bring success or failure, accord- 
ing as they are studied or neglected. 


PERFORATED ZINC. 


The use of a perforated zine queen-excluding board between the 
brood chamber and the surplus bodies is gaining in popularity. 
Without this zine the queen is likely to go into the second story, or 
even higher, particularly toward the close of the season. Some bee 
keepers prefer to use combs for extracting which have never been used 
for brood, and if this plan is followed the perforated zinc is abso- 
lutely necessary. Honey extracted from dark combs which have been 
used for brood is darker in color as a rule than that produced in 
combs which have never contained brood. This is doubtless due to 
the fact that a certain amount of the larval skins and larval excreta 
which are packed at the bottom of brood cells becomes dissolved -in 
the honey. These deposits in the cells are usually spoken of as 
“cocoons,” but certainly only a small part is really the silk of the 
cocoon. If this really were merely a cocoon, no possible objection 
could be made to the use of brood combs for extracting. It would 
probably do little good to advocate the universal use of only such 
combs as had not been used for brood rearing in the production of 
extracted honey, but a strict regard for cleanliness would most 
assuredly demand it. | 


REMOVING HONEY FROM THE HIVE. 


Honey should not be taken from the hive until fully “ ripened.” 
When the time comes to extract, the frames should be lifted from the 
hive and the adhering bees shaken’ or brushed off. They may be 
brushed off with a regular bee brush, many styles of which are manu- 
factured, or a bunch of grass or weeds will usually answer as well. 
The only advantage of a regular brush is that it is always ready 
for use. | 

If the honey flow is over or the bees are hard to manipulate on 
account of their stinging, a bee escape is desirable. The escape is 
so arranged that the bees can pass down to the story below with 


comparative ease but can not get back. Within a few hours the 
) 
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upper story is cleared of bees and the frames of honey may be re- 
moved easily. If the queen is in the upper story, however, as she 
may be if no perforated zinc is used, or as she occasionally is any- 
how, the bees will not desert the brood, and there will still be bees 
on the combs. Escapes may be put on by quickly lifting the upper 
story and inserting the board in the evening, and by the next morning 
the upper story will usually be entirely clear of bees. 

After the combs are removed from the hive, they should be kept 
covered so that the bees in the air will not begin to rob. The manner 
of carrying them to the extracting room will depend on the number 
of combs to be carried and the arrangement of the apiary. Tin 
buckets holding five combs at a time may be used; an extra hive body 
is often fixed with a handle and cloth cover, or the entire hive body 
may be carried in on a cart or otherwise if it is free from bees. 


THE EXTRACTING ROOM. 


The place where the honey is extracted should be so arranged that 
no bees can enter it when attracted by the odor of the honey. The 
windows should be so built that if some bees do enter they can easily 
get out through bee escapes or cones so constructed that no other bees 
will be able to find the opening. Bee escapes may be used, but usu- 
ally a better plan is to have the windows covered with wire cloth 
tacked on the outside, the wire cloth extending above the window 
about 6 inches and held away from the side of the house by quarter- 
inch strips. Bees almost always crawl upward and they will crawl 
up the netting and out through the top openings, but other bees will 
not try to get in that way. A screen so arranged will allow a very 
large number of bees to escape very quickly. That the extracting 
room be “bee tight” is practically the only absolute requirement. 
Honey should never be extracted in the open air except during a 
heavy honey flow, when bees are not inclined to rob. Where several 
aplaries are under the management of one man, it is sometimes de- 
sirable to make a portable extracting house on wheels so that it may be 
taken from place to place. 


UNCAPPING HONEY. 


The honey, before it is extracted, must be uncapped, and this should 
be done with a long knife which is kept sharp, clean, and warm. 
There are several types of uncapping knives. If a considerable 
amount of honey is to be extracted, it is desirable to have two or more 
knives for each operator so that one may be heated in hot water as 
the other is used. 

As the cappings of wax are cut off some honey flows out, and con- 
sequently the uncapping should be done over a regular uncapping box 
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orcan. This may be easily made at home to suit individual require- 
ments, or any one of the several types offered for sale may be used. 
The boxes are either made of metal or lined with tin to prevent the 
leakage of honey, and about halfway up is a heavy wire netting 
to catch the wax cappings and allow the honey to drain off into the 
lower compartment. This honey may later be added to what comes 
from the extractor. 
THE EXTRACTOR. 


The extractor consists of two or more baskets into which the combs 
of honey are placed and which are revolved inside or with a can. 
The rotation drives out the honey by centrifugal force, leaving the 
cells empty, provided the uncapping has been thoroughly done. 
While the extractor is a very simple machine in principle, its con- 
struction has been the subject of much experimenting, and various 
types have been made. ‘The best type of extractor has been found to 
be one in which the surrounding can is stationary and the baskets are 
arranged to revolve inside it. Some types are now made so that the 
baskets may be turned and both sides of a comb emptied without 
removing the frame from the basket of the extractor. The more 
elaborate types, holding several frames and driven by power, may be 
found described in catalogues of the dealers in bee keepers’ supplies. 

The extracted honey flies to the side of the can and then runs to 
the bottom of the machine; it then runs off through an opening at 
the bottom into a vessel or tank for the purpose. As it leaves the 
extractor it should be run through a cheese cloth to remove any par- 
ticles of wax or other foreign substance which may have got into it. 
The care of the honey will be described later. 

Empty combs wet with honey should not be returned to the bees 
while extracting is in progress, for fear of inciting robbing. They 
may be piled up in the extracting room until the work is almost com- 
pleted and, if any additional honey flow is expected, they may then 
be returned. If to be kept until the next year, they should be given 
to the bees for a short time to be cleaned of honey, and then removed 
and put away so that wax moths will not destroy them. The great- 
est essential in the production of the maximum amount of extracted 
honey is an adequate number of surplus combs. 


THE RIPENING OF HONEY. 


When nectar is gathered from flowers by the worker bees, the 
amount of water contained in it is very high. It is generally sup- 
posed that, by the time bees reach the hive to deposit the nectar in the 
cells, part of this water has been removed; at any rate, during the 
process of ripening, the amount of water is very much reduced, until. 
in thoroughly ripened honey, it will not exceed 25 per cent and is gen- 
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erally not more than 20 per cent. Some very ripe honeys will have as 
little as 12 per cent of water in them. If more than 25 per cent of 
water remains in the honey at the time of extraction, it will probably 
ferment. The ripening of honey consists not only of the evaporation 
of the surplus water of the nectar, but especially of the transforma- 
tion of the sugars of the nectar into the levulose and dextrose of 
honey. Unripe honeys contain a larger proportion of sucrose or cane 
sugar, and it is probable that the longer the honey remains in the hive 
the less of sucrose will be found in the honey. While honeys vary all 
the way from zero to 8 or 10 per cent in their sucrose content, the pur- 
est honeys are those which contain the least. The official honey 
standard of the Association of Official Agricultural Chemists allows 
8 per cent of sucrose in honey. 

It is the policy of most bee keepers to allow this ripening to take 
place in the hive by waiting until the honey is almost all or entirely 
capped, and this is undoubtedly the preferable method. It is a matter 
of common observation that honey which remains in the hive for a 
long time has a better “body” and has more of the characteristic 
honey aroma. By ripening in the hive honey gets its characteristic 
flavor to a greater extent than is possible in evaporation outside the 
hive. | 

Several machines have been devised for the artificial ripening of 
honey which has been extracted “ green,” that is, with too great a 
water content. The principle on which all of these are constructed 
is the application of heat, not to exceed 160° F., for a sufficient time 
to reduce the amount of water present to about 20 per cent. Either 
sun heat or artificial heat may be used. In the western part of the 
United States honey may be, and usually is, extracted before it is all 
capped, because it is the general practice of bee keepers to run the 
honey directly from the extractor to large tanks, sometimes holding 
several tons, out in the open, covered with porous cloth tightly tied 
down to exclude bees. Many of these tanks are contracted at the top, 
leaving only a comparatively small opening. On account of the 
extreme dryness of the atmosphere and total lack of rain during the 
dry season, this partial evaporation outside of the hive takes place 
_ very rapidly. 

The advocates of ripening outside of the hive argue that, if honey 
is extracted before all the water is removed from it, the bees have 
less to do inside the hive and can devote almost all their time to 
gathering nectar in the field. This obviously would result in an 
increased amount of nectar and, consequently, provided the forage 
will produce it, in an increased amount of honey. They argue that 
it is impossible to detect any difference between honey ripened inside 
the hive and that ripened outside, as far as flavor is concerned, but 
this is a point on which many other bee keepers and experts in honey 
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tasting do not agree with them. It must be admitted that, for gen- 
eral sale, the delicate aromas of well-ripened honey are not necessary, 
since the purchasing public is, as a rule, not educated on this point; 
but it certainly, pays to produce the very best article possible for the 
further education of the trade, and, therefore, a thorough ripening 
inside the hive is very much preferable. To insure this, it is better 
to tier up the hives rather than’extract as soon as a hive body is full. 

On all honeys, after extracting, if allowed to stand in a vessel, 
a scum will rise to the top, made up of impurities, such as wax, 
brood, dead bees, and particles of dirt which may get into it. This 
is particularly the case with honeys which are extracted when not 
thoroughly ripened. In all cases honey should be strained as it 
leaves the extractor and subsequently skimmed until no further 
impurities come to the top. It is frequently the practice to draw 
honey from the bottom of the tank in which the honey is stored 
through a “ honey gate,” so that the impurities do not get into the 
smaller receptacles in which the honey is to be packed. 

The thorough ripening of honey can not be too strongly recom- 
mended. Honey attracts moisture, and there is always a tendency 
for a very thin layer to form on the top in which the water content 
is very high. In such a film the amount of sugar is low, the acetic- 
acid-forming bacteria can grow rapidly, and the honey becomes 
sour. In thoroughly ripened honey it is very probable that a film 
_ of thinner honey is always present, but in such a case the sugar con- 
tent is so high that the bacteria can not grow. 

It is desirable that honeys from different sources be kept separate 
as far as possible if the product is to be used for the bottling trade. 
This can be done only by extracting at the close of each honey flow. 
While it is probably impossible to get a honey from only one 
species of plant, except under the most unusual circumstances, at 
the same time honey may generally be removed at the close of each 
flow, so that the total quantity will have the characteristic flavor im- 
. parted by a single kind of flower. 


THE GRANULATION OF HONEY. 


Almost all honeys granulate or “ candy ” after a certain time, and 
may become solid. This phenomenon varies greatly with different 
honeys. For example, alfalfa honey produced in Colorado will often 
granulate solid within a few weeks from the time it is extracted, 
while the white-sage honey of southern California will often remain 
liquid*and entirely clear of crystal for two years and sometimes 
longer, if properly pvt up. The reason for this difference in the 
time of granulation will be discussed under the heading of * Types of 
Honey.” Honey from the same species of plant varies somewhat in 
this respect in different localities. 

78013°—Bull. 75—11——2 
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Formerly the general public was suspicious of granulated honey, 
in the belief that 1t contained cane sugar, but, fortunately, it is now 
generally understood that pure honeys will granulate in time, and 
this crystallization is generally considered as a test of purity. The 
education of the purchasing public has so far progressed that now 
some bee keepers prefer to sell their honey in a solid granulated con- 
dition, it being cut up into bricks and wrapped in oil paper. 

In bottling honey, or in putting honey from any large receptacle 
into smaller ones, it is necessary to liquefy the entire quantity com- 
pletely before the operation is begun. This may be done by im- 
mersing the receptacle in water which has been heated to 160 or 
170° F., and letting it remain until the honey is all liquid and free 
from crystals. Honey should never be liquefied by direct applica- 
tion of heat, and it is extremely important that it should not reach 
a temperature of more than 160° F. It is well known to almost all 
bee keepers that honey heated to higher temperatures will become 
darker in color and lose flavor, and, consequently, they are generally 
very careful on this point. There is, however, a very much more 
important reason for avoiding high temepratures. When honey is 
heated to 180° F. and more, the higher alcohols which give honey 
its aroma are driven off and, more than that, a decomposition of cer- 
tain of the sugars takes place; this is what gives the darker color 
to the honey. Of all the various substances used for the adulteration 
of honey the one most nearly resembling pure honey is invert sugar, 
of which Herzfelt’s artificial honey is one of the best illustrations. 
In the detection of adulteration, one of the tests for the addition of 
invert sugar 1s based on the presence of decomposition products due 
to heat. These decomposition products in invert sugar are probably 
identical with the decomposition products in overheated honey; at 
any rate, honey which has been heated to more than 180° F. for any 
considerable time gives the test for invert sugar and would, there- 
fore, be declared to be adulterated if this test were applied by a 
chemist. A bee keeper might argue that he was not infringing on the 
pure-food law in overheating his honey, since he had added nothing 
in the way of an adulterant. If, however, he changes the chemical 
composition of his honey by injudicious treatment it is no-longer 
pure honey, and he has no right to sell it under that name. 

It is very much safer to liquefy honey at a temperature of about 
140° F. and-thus avoid any danger of decomposition. If this lower 
temperature is used it is of course necessary to keep the honey at this 
temperature for a considerable time, but the safety of such a pro- 
ceeding makes the extra time well worth while. 

Two or three of the most widely circulated American text-books 
on bee keeping advocate the drawing off of the liquid portion of 
granulated honey, particularly in the case of honey which was not 
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thoroughly ripened before it was extracted. The granulated portion 
is then allowed to liquefy and is recommended as a very fine quality 
of honey. This practice is in no way permissible, as will be readily 
seen if the composition of honey is studied. Honey is made up of 
dextrose and levulose in about equal quantities, sucrose, a certain 
amount of ash, and water. In granulation, the dextrose crystallizes 
readily and the levulose probably does not granulate at all. If, then, 
the liquid portion, consisting largely of levulose, sucrose, and water, 
is removed by draining or by pressure, the remaining portion is not 
honey, but dextrose. However fine the flavor of such a compound 
may be, it is not honey and can not truthfully be sold as such. 

Since honey separates into its component parts in granulation, it 
is very necessary that all the honey in the receptacle be liquefied and 
thoroughly mixed before any portion is removed from it for bottling 
or canning. If, for example, honey is in a 60-pound can and is to be 
transferred to 1-pound bottles, it 1s necessary that the entire 60 
pounds be liquefied and mixed before any is poured out into bottles, 
in order that all the bottles may contain honey according to the legal 
standard. Unless this is done, some of the bottles will contain a 
high percentage of dextrose and will granulate rapidly, while others 
will contain a preponderance of levulose and will not granulate for a 
long time. Unless this mixing is done thoroughly, none of the bot- 
tles will contain absolutely pure honey. In order to protect himself, 
the bee keeper must be very careful on this point. Some bee keepers 
prefer to pour the honey cold into the bottles and heat it afterwards 
before sealing. As a matter of convenience this has many points in 
its favor, but in view of the separation into component parts which 
may take place it is a bad practice. The honey should first be heated 
and liquefied completely, especially if honeys from several species of 
flowers are to be blended. 

As previously stated, there has existed and possibly still exists a 
popular idea that granulation indicates adulteration by the addition 
of cane sugar. This is of course untrue, since pure honeys do granu- 
late solid. Many bee keepers in combating this idea have stated that 
this very granulation is a test of the purity of the honey. This 
statement, so frequently made, is equally untrue, since invert sugar, 
one of the adulterants sometimes used, will also crystallize solid as 
rapidly as do most honeys. 

Age seems to affect honey greatly. Repeated granulation and lique- 
faction, as the temperature varies year after year, in some way affects 
the chemical composition of the honey, changing the product so that 
it may not have the composition that it had at first. Some honey 
thirty-five years old, submitted to this Department, was found to 
contain too much sucrose. A sample of the same honey had pre- 
viously been analyzed by two official chemists and declared to be 


12 ' MISCELLANEOUS PAPERS ON APICULTURE. 


adulterated; but the history of the sample precluded this possibility. 
The honey had apparently changed greatly with age in appearance 
as well as in composition. 

Some bee keepers make a practice of adding a very small amount 
of glycerin to the honey to prevent granulation. This should not be 
done, for it is adulterating the honey. Some have argued that, since 
glycerin costs so much more than honey, they are not adulterating 
in that they are not adding something cheaper to the honey to increase 
their profit. According to pure-food laws, however, nothing can be 
added to honey unless the addition is specifically stated, and the 
addition of even a small amount of glycerin is, in the eyes of the law, 
as great an offense as the addition of glucose. 


HEATING HONEY FOR THE DESTRUCTION OF THE BACTERIA OF 
DISEASE. 


The only condition under which honey should be heated to a higher. 
temperature than 160° F. is in the case of honey which has been ex- 
tracted from a colony containing foul brood. In order to kill the 
bacteria of either of the brood diseases, it is desirable to dilute the 
honey by adding an equal amount of water and then raise the temper- 
ature to the boiling point and keep it there, allowing the mixture 
to boil vigorously for at least thirty minutes; in order that no risk 
may be run, it is better to make this one hour. Honey which is so 
treated is changed chemically and is no longer pure honey, but it 
makes a good sirup for feeding to bees and is the best way of using 
honey from an infected source. Too much care can not be exercised 
in bringing this to the proper temperature, and it must be remem- 
bered that the resulting product is not honey, but a sirup, the chemical 
composition of which is quite unlike that of pure honey. 


PACKING OF EXTRACTED HONEY. 


If honey tends to granulate rapidly, it will save much trouble in 
liquefying to put it into the receptacle in which it is to be sold as soon 
after extraction as possible. There will then be no difficulty from 
the various ingredients becoming separated. To preserve the deli- 
cate aromas it is desirable that honey be sealed as soon as possible. 

When honey is put up in less than 3-pound packages it is generally 
bottled. A bottle makes a much more attractive package than a tin 
can and shows off the contents. There is no doubt of the fact that 
honey sells largely on its appearance, and too much care can not be 
exercised in packing and labelling so as to make the package attract- 
ive to the purchaser. In cases where a bee keeper sells directly to a 
local trade he may educate his customers to judge his honeys by their 
flavor, in which event it is immaterial what kind of package is used, 
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and honey may even be run out from a large can into a vessel fur- 
nished by the customer when the honey is delivered. It is too often 
the case, however, that bee keepers put up their honey in such poor, 
unsightly packages that they can get only a low price for their 
goods. 

If honey is put up in more than 3-pound packages, tin cans are 
generally used and the most common receptacle is a square can hold- 
ing 5 gallons (60 pounds). Two of these are usually boxed together 
for shipment. Square and round cans of various types are often 
used for smaller quantities. Barrels are preferred by some for large 
shipments for the baking and confectionery trade, but their use can 
not always be advised. Before honey is put into it, a barrel must be 
thoroughly dry, and tight when dry, because of the fact that honey 
takes up a certain amount of moisture, and if, when the honey is put 
into it, the barrel is damp, the honey will absorb the moisture, caus- 
ing the barrel to leak. Barrels also absorb a certain amount of 
honey. In dry climates particularly barrels should be used with 
caution. 

When honey is packed in bottles, it is desirable that granulation 
be retarded, since a bottle of partially granulated honey is not attract- 
ive. To aid in the retarding of granulation, the honey should be 
entirely liquefied and thoroughly mixed in a large can and run into 
the bottle warm. The bottle should be as full as possible and sealed 
hermetically while still warm. Granulation usually begins on the 
edges of the top line of the honey and spreads rapidly from these 
points. This is probably because some honey gets upon the sides 
and partially dries. It is therefore desirable that the honey fill the 
bottle clear to the cover to prevent this. It must also be free of 
bubbles. Bottles may be hermetically sealed by using some style of 
clamp cover or by sealing a cork with a mixture of beeswax and resin. 
This mixture may be colored by the addition of a dye. Granulation 
may be considerably retarded by keeping the honey at a nearly uni- 
_ form temperature. This should not be less than 65° F. and is much 
better at 90° to 100° F. While the honey is in the hands of the pro- 
ducer or bottler, it may be kept liquid for a long time in this way, 
but of course when sold it is generally subject to changes of tempera- 
ture. Honey, either in the comb or extracted, should never be kept 
in a cool or damp place. 


THE PRODUCTION OF ‘‘ CANDIED’ HONEY. 


Honeys of the average type, relatively free from nonsugars, such as 
that made from alfalfa, soon granulate solid and are sometimes sold 
in bricks. Granulation may be hastened by changes of temperature 
and by stirring. If it is desired to have a can of honey granulate 
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rapidly, it may be carried from a warm room out doors in winter and 
back again at intervals of a day or two for a couple of weeks. If 
this is accompanied with occasional stirring when granulation first 
begins, the whole can will soon be a solid cake. Honey may also be 
poured into smaller receptacles, such as waterproof pasteboard car- 
riers or oyster pails, and allowed to crystallize in the package in which 
it is to be sold. If allowed to granulate solid in a large tin can, the 
tin may be cut away and the honey cut into bricks with fine wire 
in the way that prints of butter are sometimes prepared. 

A market for “honey bricks” must generally be built up locally, 
for as yet the general public has not learned to look for honey in such 
shape. The cost of the package is less than that of bottles, and the 
granulated honey is by some considered superior for table use to 
liquid honey. Several bee keepers have used this method with sue- 
cess and claim that it gives great satisfaction to their customers. 


HONEY TYPES. 


It is well known that honeys from different plants vary consider- 
ably in taste, color, granulation, etc. The taste and color are given to 
honey by the plants from which the nectar is derived. Granulation 
may be considered as a property of all honeys, or rather of the dextrose 
contained in all of them, and, from a study of the chemical compo- 
sition of many samples, it seems probable that all honeys would crys- 
tallize were it not for the fact that some of them contain an excess 
of either noncrystallizable levulose or dextrin, gums, and other non- 
sugars. The following table will make this point clear: 

I. Normal honey (from. nectaries of flowers). 
1. High purity (high in sugars, relatively low in dextrin, gums, and 
other nonsugars). 
A. Levulose type, e. g., mangrove, tupelo, sage. 
B. Average type. 
a. High in sucrose, e. g., alfalfa. 
b. Low in sucrose, e. g., buckwheat. 
2. Low purity (relatively high in dextrin, gums, and other nonsugars, 
e. g., basswood, sumac, poplar, oak, hickory, apple, most tree 
honey). = 
II. Abnormal honey (not from nectaries of flowers; generally high in dextrin, 
gums, and other nonsugars). 
1. Honeydew honey (from aphides and other insects). 
2. Coniferous honey (plant exudations not from nectaries). 


Honeys containing approximately the same amount ot levulose and 
dextrose and which are high in sugars (average type) granulate 
readily. Very few honeys have more dextrose than levulose. If, 
however, the levulose is considerably greater than the dextrose (levu- 
lose type), or if the nonsugars are relatively high (low purity and 
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abnormal honeys), granulation is retarded. Some honeydew granu- 
lates rapidly, but no abnormal honeys of that type were included in 
the samples examined, consequently they are not included in the table. 

The use of the terms “ high” and “low” purity in this table must 
not be taken to indicate the comparative values of the various honeys. 
Low-purity honeys which have relatively more dextrin, gums, and 
other nonsugars are just as good honeys as those of the high-purity 
class. Abnormal honeys, however, are less desirable. The presence 
of the nonsugars in low-purity honeys may be due largely to a slight 
admixture of honeydew, since most honeys contain a trace of this. It 
must be remembered in considering this subject that practically no 
honey is from a single species of plant, and therefore they will vary 
considerably, according to the other nectars added to them as well as 
according to local soil and climatic conditions. 


METHODS OF HONEY TESTING FOR BEE KEEPERS.” 


By C. A. Browne, Ph. D., 
Chief, Sugar Laboratory, Bureau of Chemistry. 


The most common forms of adulteration which are practiced at 
present in the sophistication of honey are the addition of commercial 
glucose, cane sugar, and invert sugar. The adulteration of honey 
by dilution with water is less commonly practiced; such addition 
is easily recognized by the increased fluidity of the honey, and there 
is, besides, the increased danger that the product will spoil through 
fermentation. It is often desirable, however, for the bee keeper to 
know the approximate percentage of moisture in his products in 
order to avoid the marketing of unripe honey which might exceed 
the limit for water allowed by the standards (25 per cent). The 
average water content of American honey, according to the average 
for 99 pure samples analyzed in the Bureau of Chemistry, is 17.59 
per cent, so that there is above this a margin of more than 7 per cent 
in which the moisture of honeys may be allowed to fluctuate. 

The accurate determination of moisture in honey in the chemical 
laboratory is a somewhat complicated process. A carefully weighed 
amount of the honey is evaporated at a temperature of about 160° F. 
in a vacuum chamber until no more moisture is given off, and the loss 
in weight during the interval is calculated as water. For the bee 
keeper such a method of determination is too involved and compli- 
cated; there is, however, a much simpler method by means of which 
the moisture content of a honey can be determined with ease and 
rapidity and with a fair degree of accuracy. This is by means of a 
specific gravity float or spindle. The liquefied honey is poured into 
a tall cylinder and immersed in hot water of 170° F. temperature. 
The honey is stirred with a thermometer and as soon as the tempera- 
ture has reached 160° F. the spindle is lowered into the honey and 
allowed to come to rest. The point at which the surface of the honey 


a This paper was prepared by Doctor Browne of the Bureau of Chemistry after 
the completion of his work on honey analysis. For greater detail the reader 
is referred to Bulletin 110 of the Bureau of Chemistry, entitled ‘“ Chemical 
Analysis and Composition of American Honeys.” This bulletin may be obtained 
from the Superintendent of Documents, Government Printing Office, Washing- 
ton, D. C. It can not be obtained from the Bureau of Entomology.—E. F. P. 
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cuts the graduation mark upon the spindle indicates the percentage of 
water in the honey. 

For the accurate determination of glucose, cane sugar, and other 
adulterants, the bee keeper will usually be obliged to resort to the 
services of a chemist. This is especially true as regards cane sugar, 
as there is no simple test for this substance which can be applied by 
the ordinary layman. As regards glucose and added invert sugar, 
however, there are certain simple colorimetric tests which can be 
easily and quickly carried out. 

A good colorimetric test for the presence of commercial glucose or 
starch sirup in honey is that of Beckmann, by means of a dilute solu- 
tion of iodine in potassium iodide. One part of the honey to be ex- 
amined is dissolved in one part by volume of water in a test tube 
and shaken up with a few drops of the iodine solution. If the honey 
solution remains a pale yellow, commercial glucose is probably absent ; 
if the solution is colored a red or purple, however, the presence of glu- 
cose sirup is clearly indicated. In making this test it 1s always best 
to carry out a comparative test under similar conditions, using a 
honey of known purity and adding the same number of drops of 
iodine solution. In this manner a reliable comparison of colors can 
be secured. 

The adulteration of honey with invert sugar sirup is being prac- 
ticed to some extent in this country, though not as widely at present 
as in certain European countries. This sirup has in many respects 
the same composition as pure honey; it is deficient, however, in ash, 
albuminoids, and other constituents which occur in honey in small 
amounts. Through the action of the high temperature of boiling a 
small quantity of decomposition products of sugar is produced in this 
artificial honey which serves to distinguish it from pure honey unless 
the latter has been boiled for some time, in which case it also will con- 
tain decomposition products similar to those contained in the invert 
sugar sirup. An easy test for artificial invert sugar in honey is by 
means of a concentrated solution of aniline acetate. This reagent 
should be prepared freshly each time before using. Five cubic centi- 
meters of chemically pure aniline are shaken up with 5 cubic centi- 
meters of water and 2 cubic centimeters of glacial acetic acid added. 
The milky emulsion of aniline and water should clear up perfectly 
on addition of the acid. About 5 cubic centimeters of the honey to 
be tested are diluted in a test tube with an equal volume of water and 
a little of the aniline solution poured down the walls of the tube so as 
to form a thin layer upon the surface of the liquid. If artificial 
invert sugar is present, a red ring will form beneath this layer, and 
on gently agitating the tube the whole quantity of aniline acetate will 
be tinged this color, the depth of coloration depending upon the 
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quantity of artificial invert sugar present in the mixture. Pure 
honeys which have not been spoiled by overheating do not give this 
reaction. 

In carrying out the tests previously described only a very small 
outlay in apparatus will be required. The special spindles for de- 
termining the water content of honey and the other apparatus can 
be obtained from any manufacturer of chemical goods. Glass or 
metal cylinders for containing the honey while spindling will be 
needed, as also a collection of test tubes and racks. A small 50 cubic 
centimeter graduated cylinder will also be found useful for measur- 
ing out the volume of honey solutions and of reagents. All appa- 
ratus should be thoroughly cleaned and rinsed after using, as any 
contamination with impurities may affect the accuracy of the tests. 
The drugs specified may be purchased of any druggist. 
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WAX MOTHS AND AMERICAN FOUL BROOD 


By HE. FE, Puriirpes, Ph. D., 
In Charge of Apiculture. 


INTRODUCTION. 


It has generally been held by bee keepers that, while the wax 
moths often cause considerable damage by destroying surplus 
‘ combs and in other ways, they were not an unmixed evil, for by 
destroying combs infected with brood disease they were supposed to 
remove the infection. Text-books on apiculture and articles in 
various bee journals have repeatedly reiterated this statement. 
Evidently no person has seen fit to look into the question thoroughly, 
and it is the object of the present paper to record some observations 
which have been made. 

When a bee larva dies from infection of American foul brood, it 
decays rapidly, and the mass becomes ropy, so that if a small stick 
or pin is inserted in the decayed mass and removed, the larval mate- 
rial adheres to it and will string out for an inch or more. This 
ropiness of the dead larva is very characteristic of this brood dis- 
ease. Seemingly this ropiness makes it impossible for the bees to 
remove the infected material, and when the decayed mass dries down 
it forms a scale which adheres so tightly to the lower side wall of the 
cell that it can not be removed without tearing the wax wall. 

As the disease progresses in the colony the various cells of the 
brood chamber come to contain diseased larve and, later, scales 
formed of dried larve. It is probable that after a cell once comes to 
contain a diseased larva, it is almost impossible for another larva to 
reach maturity in a healthy condition, consequently the number of 
bees which reach the adult condition is constantly reduced and, as the 
old field bees die and are not fully replaced, the colony becomes weak- 
ened and finally dies out completely. 
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As long as the colony is strong the wax moths can do no damage, 
but as the bees decrease in number the combs offer a foothold to one or 
other of the moths and within a very short time the whole hive is one 
mass of wax moth tunnels, larval excreta, and cocoons. The combs 
are completely destroyed and nothing remains but the web and a mass 
of débris on the hive bottoms. If the moth larve actually ate the 
infected material, they would serve to remove the infection where the 
bee keeper is too careless to do so—as is too frequently the case. 

The two wax moths differ greatly in their habits in some respects, 
but it is not the purpose of this paper to discuss these points. The 
large wax moth (Galleria mellonella Li.) is the most widely dis- 
tributed and is found in practically every part of the United States. 
and probably wherever the honey bee is now kept. The lesser wax 
moth (Achrota grisella Fab.), on the other hand, is not so widely dis- 
tributed, but it is known to exist in various localities in this country. 


WORK OF THE LARGE WAX MOTH. 


(Galleria mellonella L.) 


Plate I is from a photograph of a comb, infected with American foul — 
brood, on which larve of the large wax moth were placed. The comb 
was placed in a box to exclude light and was laid flat on a piece of 
paper. The larvee at first worked on the under side of the comb, but 
gradually they got to the upper surface. It will be noticed that in 
one part of the comb the lower side walls of the cells remain intact; 
here the dried-down scales of American foul brood were thickest, and 
evidently this was the center of the brood during. the time of infection. 
The remainder of the area formerly occupied by comb is nothing 
but débris, with a few scales scattered here and there. Evidently 
only where scales are thick do they hold together enough to stand 
upright. To show how the scales stand up, the web was removed 
from the surface. The background of the photograph is merely a 
piece of paper. 

Plate II is a photograph of a rough box used for a hive during 
some experiments in producing American foul brood by the feeding 
of pure cultures of Bacillus larvw.t_ The five frames of this small 
hive contained thousands of the dried-down scales so characteristic 
of this disease. The box was put away in a closet and the large wax 
moth got into it, with the result that all the combs were completely 
destroyed. The webs and empty frames were removed for this photo- 
graph. The black mass in the bottom of the box is composed of 


a@Cireular No. 94, Bureau of Entomology, entitled, “ The Cause of American 
Foul Brood,” by Dr. G. F. White. Issued July 29, 1907. 
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larval feces and scales in about equal proportion by volume. On ac- 
count of the reduction of the photograph the scales do not appear 
plainly; nevertheless, this demonstrates what becomes of the scales 
of American foul brood in a set of combs destroyed by Galleria mel- 
lonella. A few scales are seen placed on a card resting on the mass of 
feces and scales. : 

Mr. Burton N. Gates, of this Bureau, took some of these scales and 
put them in a small box with small larve of Galleria mellonella. 
The scales remained untouched and the larve died, evidently of 
starvation. 


WORK OF THE LESSER WAX MOTH. 


(Achroia grisella Fab.) 


Plate II] is a photograph of a comb taken from a colony which had 
died of American foul brood. It was obtained by the author in June, 
_ 1906, near Fillmore, Ventura County, Cal., and is of interest as com- 
ing from an apiary which in less than two years had been reduced 
from about 200 colonies to 15 by the ravages of this disease. When 
the apiary was visited there were 151 hives in place, and of these 136 
contained no bees. This comb was wrapped up and put away for 
future study, but became infested with Achroia grisella. Whether 
it contained eggs when taken in the apiary or whether the moths 
entered after the comb reached Washington is not known. 

It is obvious from this illustration that the larve have not eaten 
the scales formed by dried-down larvee which died of American foul 
brood. This comb was not cleaned of webs and illustrates very nicely 
the characteristic work of this moth. 

After the photograph was taken the scales were picked out of the 
frame and this material was used in some of the inoculation experi- 
ments recorded in Circular No. 94; obviously, therefore, the material 
was still infectious. 

CONCLUSION. 


In the control of brood diseases of bees the constant reinfection of 
apiaries from diseased combs of colonies in a wild state is one of the 
things which must be combated constantly. It is not difficult for a 
bee keeper to rid his own apiary of disease, but he must constantly 
watch for an introduction of the disease from wild bees or an adjoin- 
ing apiary. If then the wax moths actually destroyed the infected 
combs of wild colonies or of colonies in the apiaries of careless bee 
keepers, they would be a benefit to the industry to that extent. Nat- 
urally if the moth larvee eat out everything except the scales and these 
drop to the bottom as shown in Plate II, they are less available to 
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other bees. If sufficiently covered with débris, they are to some extent 
removed from robbing workers. 

These results prove conclusively that the two wax moths, Galleria 
mellonella and Achroia grisella, do not eat the scales formed from 
larvee which have died of American foul brood. It is clear, therefore, 
that infectious material in a colony dying of this disease remains even 
after the comb is destroyed. The one point in favor of these moths, 
from a bee keeper’s standpoint, is therefore disproven. 
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BEE DISEASES IN MASSACHUSETTS. 


By Burton N. GATES, 


Expert in Apiculture. 


INTRODUCTION. 


In Massachusetts bee keeping is not an industry conducted by a 
few, as in the Hawaiian Islands, where four corporations harvested 
600 tons of honey last year; but there are more than 2,100 men who 
derive some profit from their bees and who have interests at stake. 
There is besides, a vast, concentrated, and steadily increasing popu- 
lation which, fortunately for bee keepers, provides an almost unlim- 
ited home market. In order to point out the status of the industry, 
the writer estimated in 1904,¢ that two tablespoonfuls of honey per 
person as a year’s ration is all that is now consumed, and of this less 
than one-fourth is produced in Massachusetts. Theoretically it is 
possible for Massachusetts to support approximately 40,000 colonies 
of bees, which could more than equal in amount Hawaii’s honey crop 
for last year. There is reason to believe, however, that bee keeping, 
if it is not actually decreasing, is not progressing along with the 
steadily increasing population of the State. This is borne out by the 
general feeling among the country people that to-day there are fewer 
bees kept on the farms than there were fifty years ago. 

One of the fundamental reasons for this condition may be found in 
the presence of brood diseases of bees, which exist in practically every 
quarter of Massachusetts and Connecticut, as well as in the other New 
England States, and which from time to time have doubtless killed 
out the bees in many localities. There is undeniable proof of this; 
furthermore, from evidence of former outbreaks it must be concluded 


*Bee Keeping: How to Meet its Dangers and Difficulties. By Burton N. 
zates, with suggestions by Prof. C. F. Hodge. Fifty-second Ann. Rept. Sec. 
Mass. St. Bd. Agric., pp. 411-426, Boston, 1905. Massachusetts Crop Report, 
Vol. 17, No, 6, October, 1904, pp. 830-40, Boston, 1904, 
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that their introduction is not recent. This evidence is not merely the 
result of bee keepers’ reports or of more or less semiauthoritative and 
indefinite rumors, but it is based upon results of bacteriological find- 
ings in numerous samples of brood comb sent to this Bureau by the 
bee keepers in the State during the past year and a half. Under 
these conditions bee keeping can not be brought to the high degree of 
perfection which is possible. No factor in bee keeping tends to limit 
the industry as do epidemics of such diseases; they cause bee keepers 
to become discouraged by “ bad luck” and to lose interest in their 
bees. The “luck” must change; the bee keepers must learn the 
nature of the diseases, where they exist, and how to combat them; 
otherwise the industry will decrease even more. 


THE TWO KNOWN BEE DISEASES. 


Two contagious brood diseases of bees are now known. ‘These 
attack the developing brood and so reduce it that the colony soon 
dwindles from lack of young bees to replace the old. They are 


known, respectively, as American foul brood and European foul 
brood. | 


AMERICAN FOUL BROOD. 


The cause of this disease is definitely known to be an organism, 
Bacillus larve White. It is what has been heretofore frequently 
designated simply as “ foul brood.” The nature of the disease is 
described by Dr. E. F. Phillips, in charge of apicultural investiga- 
tions in this Bureau,? as follows: 


When the larve are first affected they turn to a light chocolate color. and 
in the advanced stages of decay become darker, resembling roasted coffee in 
eolor. Usually the larve are attacked at about the time of capping, and most 
of the cells containing infected larve are capped. As decay proceeds these 
cappings become sunken and perforated, and, as the healthy brood emerges, the 
comb shows the scattered cells containing larve which have died of disease, still 
capped. The most noticeable characteristic of this infection is the fact that 
when a small stick is inserted in a larva which has died of the disease, and 
slowly removed, the broken-down tissues adhere to it and will often stretch 
out for several inches before breaking. When the larya dries it forms a 
tightly adhering scale [of characteristic and diagnostic shape and] of very 
dark brown color, which can best be observed when the comb is held so that a 
bright light strikes the lower side wall [of the cell]. Decaying larve which 
have died of this disease have a very characteristic odor which resembles a poor 
quality of glue. This disease seldom attacks drone or queen larve. 


EUROPEAN FOUL BROOD. 


This is the disease which appears to be most prevalent in Massa- 
chusetts, probably having swept in from New York State, where it 


@The brood diseases of bees. By E. F. Phillips, Ph. D. C ircular 79, Bureau 
of Entomology, U. 8S. Department of Agriculture, pp. 1-2, 1906, 
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was formerly known as “black brood.” Its presence is less easily 
diagnosed by superficial examination than is American foul brood. 
It is described by Doctor Phillips? as follows: 

This disease attacks larvee earlier than does American foul brood, and a 
comparatively small percentage of the diseased brood is ever capped. The dis- 
eased larvee which are capped over have sunken and perforated cappings. 
The larvee when first attacked show a small yellow spot on the body near the 
head and move uneasily in the cell. When death occurs they turn yellow, 
then brown, and finally almost black. Decaying larve which have died of this 
disease do not usually stretch out in a long thread when a small stick is 
inserted and slowly removed. Occasionally there is a very slight ‘“ ropiness,” 
but this is never very marked. The thoroughly dried larve form irregular 
scales which are not strongly adherent to the lower side wall of the cell. 
There is very little odor from-decaying larvee which have died from this dis- 
ease, and when an odor is noticeable it is not the “ glue-pot”’ odor of the Ameri- 
ean foul brood, but more nearly resembles that of soured dead brood. This dis- 
ease attacks drone and queen larve very soon after the colony is infected. It is 
as a rule much more infectious than American foul brood and spreads more 
rapidly. On the other hand, it sometimes happens that the disease will dis- 
appear of its own accord, a thing which the author never knew to occur in 
a genuine case of American foul brood. European foul brood is most de- 
structive during the spring and early summer, often almost disappearing in 
late summer and autumn. 


DAMAGE FROM BEE DISEASES. 


The damage from an epidemic of bee disease is as difficult to esti- 
mate as is the damage from an epidemic of smallpox, of typhoid 
fever, or of malaria in a human community. The loss of colonies 
is but one small item; there is the resulting loss of crop, the result- 
ing lack of increase in the number of colonies of bees, and that demor- 
alizing effect on the industry which tends to cause bee keepers to go 
out of business. Besides this there is a crippling of commercial queen 
rearing, a check on the trade in bees, and a decisive effect on the 
manufacture and sale of bee keepers’ supphes. All these factors 
must be considered in an estimate; and, what is more, the damage is 
accumulative. It can not be calculated by the year and then totaled; 
the progressive loss must be figured. 

In New York State, where European foul brood has been com- 
bated for nearly a decade, and where it is now well suppressed, it 
has been estimated that the damage from loss of bees alone, in a 
very limited area, in 1899 and 1900, was at least $45,000. 

In Ventura County, Cal., where American foul brood flourishes, a 
thriftless bee keeper had 151 colonies which, from neglect, were re- 
duced to 14 colonies in a little over twelve months’ time. One hun- 
dred and thirty-seven colonies had died or were nearly dead. But 
there are many more and even sadder cases, were there space to relate 
them. 


of Entomology, U. 8S. Department of Agriculture, p. 2, 
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PRESENT EXTENT OF BEE DISEASES IN MASSACHUSETTS. 


The extent of bee diseases in Massachusetts may be readily seen on 
the map. The towns in which they are positively known to occur 
are listed below in black-faced type. Towns in which they probably 
exist are listed in lighter-faced type. 


Table showing the towns in which the bee diseases respectively occur. 


|Black-faced type indicates where disease is positively known to exist. Light-faced 
type indicates that disease is probably present. ] 


American foul brood. European foul brood. 


c | 
Bristol County: Worcester County: Berkshire County: | Hampshire County: 
Acushnet. Brookfield. Great Barrinz-| Belchertown. 
Freetown. Charlton. ton. Greenwich. 
New Bedford. Leominster. Lee. Worcester County: 
Westport. Sturbridge. Sandisfield. Auburn. 
Hssex County: Southbridge. Sheffield. Barre. 
Amesbury. Warren. Franklin County: Brookfield. 
Salisbury. Worcester. Deerfield. Charlton. 
Hampden County: Greenfield. Hardwick. 
Brimfield. Montague. New Braintree. 
Ludlow. Northfield. Southbridge. 
Monson. Hampden County: Sturbridge. 
Springfield. Blandford. Warren. 
Wilbraham. Brimfield. Worcester. 
Hampshire County: Ludlow. 
Belchertown. Monson. 
Middlesex County: Springfield. 
Marlboro. Wilbraham. 


The distribution of these diseases is based, as is explained, on bac- 
teriological findings in numerous samples of suspected brood, sub- 
mitted by the bee keepers during the past year and a half. The 
examinations were made by Dr. G. Franklin White, expert in bacte- 
riology, of this Bureau. In plotting the regions where disease is 
thus definitely known to exist a solid red color has been used. Index 
letters, A for American foul brood and E for European foul brood, 
show which disease is present in each locality. 

Besides these definite data there are in the Bureau of Entomology 
a great number of reports from bee keepers throughout Massachu- 
setts, which, without the definite knowledge from the bacteriological 
examinations, would be of slight significance and importance, but 
which, in conjunction with these findings, are of the greatest value. 
They indicate regions of probable infection, which are shown on the 
map in lighter tone. 

As an illustration, a bee keeper who lives in Acushnet reports, “ I 
lost all my bees, thirty swarms, at once.” This bare statement is of 
sight import; but taken together with the fact that American foul 
brood occurs in Freetown, it would indicate that American foul brood 
is distributed throughout southern Bristol County. Another illus- 
tration is found in Worcester County. Bacteriological examination 
shows that in Auburn and Worcester both European foul brood and 
American foul brood exist. A bee keeper from Barre reports that in 
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the year 1902 or 1903 he lost forty-five colonies of bees. From East 
Brookfield and Charlton, from New Braintree, Sturbridge, and War- 
ren, all located around and adjoining Worcester and Auburn, reports 
of heavy loss of bees, not alone by one bee keeper in a town but by 
several, are at hand. <A bee keeper in Warren says, “ Bees all died 
about five years ago; I had nine colonies which I lost; Mr. lost 
about five colonies also, as did others, so that at the present day only 
three to four colonies remain in town.” Similar reports come from 
across the county and Connecticut State lines adjoining this section 
of Worcester County. It is highly probable, then, considering the 
positive knowledge of foul brood in Worcester and Auburn and con- 
sidering collectively the widespread and yet individual reports from 
the country about these two towns, that these diseases are present 
throughout this section of Massachusetts and Connecticut. In other 
parts of the State similar conclusions are obvious. 

Considering the distribution as a whole, it is apparent that Euro- 
pean foul brood has swept in from New York State, where the 
disease has existed for years. Moreover, were the bees in western 
Massachusetts systematically examined, this portion of the State 
would doubtless be found thickly infected with European foul brood. 
American foul brood in Connecticut has apparently invaded Litch- 
field County in the western half of the State. In Massachusetts, 
on the other hand, and in one small area in New Hampshire, where 
there is less thorough information, American foul brood is largely 
confined to the eastern half of the State. Ultimately, when more 
information is at hand, if decisive and immediate steps to suppress 
these diseases are not taken, Massachusetts, as well as the rest of New 
England, will undoubtedly reveal a mass of infection. 


EVIDENCE THAT BEE DISEASES WERE NOT RECENTLY INTRO- 
DUCED INTO MASSACHUSETTS. 


In 1828 Dr. James Thatcher wrote (p. 4) :4¢ 


The destructive ravages of the bee-moth have in many places almost anni- 
hilated our bee establishments and discouraged all attempts to renewed trials. 
No less than a hundred hives have, the past season, been entirely destroyed 
by that enemy within the towns of the county of Plymouth, and in places 
where a single hive has yielded one hundred pounds of honey. 


At first reading this might appear, so far as bee diseases are con- 
cerned, of slight import. General experience shows, however, that 
strong, healthy colonies of bees are seldom if ever destroyed by 
wax moths, the presence of the latter being secondary as a result of 
a weakened condition of the colony from loss of its queen, disease, 
or the like. Consequently, wherever there is extensive complaint of 
damage from moths, there the presence of disease is to be suspected. 


@A’ Practical Treatise on the Management of Bees. * * * By James 
Thacher, M. D., Boston, 1829, 
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In 1831, again, Dr. Jerome V. C. Smith“ says (p. 41): 


2 


Great lamentations are heard about the bee-moth, * * * whose devasta- 
tions in the New England States have been described as something frightful. 


More specifically he says (p. 43): 


In the interior of Massachusetts, New Hampshire, and Connecticut the 
farmers have become heartily discouraged in their attempts at cultivation, and 
lamentably appear to have abandoned them entirely. 

Such reports strongly suggest that some unknown agent, as dis- 
ease, depleted the bees and made them subjects for the devastations 
of bee moths. Even at that early date Doctor Smith intimates 
(p. 41) that all the damage “attributed to it [the bee moth] 
admits of some doubt.” Without being conclusive, such evidence 
must be accepted as strongly indicative of the existence of disease, 
probably of American foul brood, in Massachusetts. 

About 1896 the writer saw in Worcester a hive in which the bees 
had died from some affection of the brood. It was diagnosed then 
as a disease which is now designated as American foul brood. Only 
one hive out of several was affected. 

European foul brood, on the other hand, is of more recent intro- 
duction in the State. It was first recognized in New York State in 
1895, where it 1s thought to have been introduced in importations of 
bees from the south. As the map shows, this disease has probably 
spread into Massachusetts from New York. 

The late Mr. James F. Wood, of North Dana, noticed in the Con- 
necticut and Swift River valleys of Massachusetts a brood disease 
of bees which made its appearance in that region about 1901. It 
did much damage, destroying all the bees in the yards where it 
appeared; but, as it was apparently not American foul brood, Mr. 
Wood regarded it as a new disease. From a description made in an 
address before the Worcester County Bee Keepers’ Association by 
Dr. James B. Paige,’ of Massachusetts Agricultural College, who 
was closely associated with Mr. Wood and who made a study of 
the disease, it would appear to have been European foul brood. 
Being first observed in Massachusetts in 1901, it would have had 
ample time to have spread from New York State. 

With so little recorded data, it is difficult to draw positive con- 
clusions regarding the distribution of these diseases in years gone 
by. It is far more important, however, to realize that they have 
existed in the State for a considerable time, that they have been 
and are a decided check on the progress of bee keeping, but that 
they can now be counteracted. 


@An Essay on the Practicability of Cultivation of the Honey bee * * #*, 
By Jerome V. C. Smith, M. D., Boston, 1831. 
> Wood’s Bee Disease, American Bee Keeper, Vol. 16, pp. 69-70, 1906, 
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THE SPREAD OF BEE DISEASES. 


Both types of foul brood are highly infectious; the way in which 
they are spread might be compared to the spread of typhoid fever in 
human communities. Honey is the common carrier of this infection, 
just as milk and water are the agents which frequently spread typhoid 
fever. 

In diseased colonies of bees, practically every part of the hive 
becomes contaminated with the germs of the disease. Consequently, 
when disease is found in the bee yard, every precaution must be 
taken that bees from healthy colonies do not come in contact with 
any part of the diseased colonies or hives. Honey, being so irre- 
sistible to the bees, is of course the main thing to be guarded. Since 
diseased colonies soon become weakened, from the lack of young bees 
to replace those dying from old age, they are less likely to maintain 
guard against robbers, which are a great source of danger in the 
spread of infection. Immediately on discovery, diseased colonies 
should be treated. 


FEEDING HONEY. 


In these days of widespread bee disease it is dangerous to feed 
any honey to bees; it is far preferable and less dangerous to supply 
them, if they need stores, with a sirup of sugar and water, half and — 
half. It is safe to feed honey to bees only when it has been vigorously 
boiled for at least a half hour, and, as Doctor Phillips has recently 
stated,* in order to avoid risk, “it is better to make this an hour ” 
(p. 12). In boiling, the honey should always be diluted with equal 
parts of water in order to prevent scorching. 


DISINFECTION OF TOOLS AND HANDS. 


All tools used in manipulating diseased bees, as well as the oper- 
ator’s hands, should be thoroughly disinfected before opening a 
healthy colony. 


. DEPLETED HIVES FROM GREENHOUSES A SOURCE OF DANGER. 


In Massachusetts particularly there is another source of infection 
which is difficult of control. Each year several hundred colonies 
of bees are placed in greenhouses by those who grow cucumbers under 
glass. In the adverse conditions of the cucumber house the hive 
soon becomes depleted and is promptly thrown on the rubbish pile. 
If the hive originally came from a foul-brood region—which is not 


*The production and care of extracted honey. By E. F. Phillips, Ph. D. 
Bul. 75, Pt. I, Bur. Ent., U. S. Dept. Agric., 1907. Price 5c, from Superin- 
tendent of Documents, Washington, D. C, 
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improbable, inasmuch as the greenhouse men buy their bees wherever 
they can get them—all the bees within a radius of several miles of 
the rubbish pile are exposed. More than once the writer has seen 
from two to a half dozen such hives cast out on the rubbish heap. 
While there is no intention of endangering neighbors’ bees, it is as 
criminal to throw out of doors any hive in which bees have died as 
it is to shake the bedding or throw the waste of the sick room from 
the window. Discarded hives and their contents, if the cucumber 
grower does not wish to render the wax, should be thrown under the 
boiler. 
PURCHASING BEES AND QUEENS. 


In purchasing bees the buyer should be as certain that he is getting 
stock free from disease as is the farmer, who purchases cows, that 
these have no tuberculosis. A region where the disease is not found 
or where it has been successfully suppressed can be reinfected by 
one careless purchase. For instance, speaking of New York State, 
Mr. Charles Stewart says: 

Just as we [the inspectors] were feeling that we had nearly stamped it [the 
disease] out and were masters of the situation we discovered that at least one 


if not two fresh importations had been made in a section of the State where 
no trouble of this kind [European foul brood] formerly existed (p. 55). 


To some degree this applies to purchasing queen bees. It is usually 
safe, however, to introduce a queen if she is removed from the cage 
in which she is mailed and is introduced unaccompanied by her escort 
of workers. The candy which is shipped with queens should never be 


put into a hive. 
STRAY BEES. 


There is one agent over which the bee keeper has no control and 
which should cause him no anxiety if a considerable territory is 
freed of the diseases. It is a well-known fact that under certain con- 
ditions, as, for instance, in storms and heavy winds, bees enter hives 
other than their own. Obviously, then, such bees in their interchange 
of hives may spread the infection. This only emphasizes the urgency 
of cleaning the disease out of a whole State, or, better, out of a block 
of States, as New England. Cooperation is the key to the situation. 


BROOD DISEASES CAN BE CONTROLLED. 


Enumeration of the methods by which disease is spread should 
not convey the idea that these diseases can not be combated, for it 
has been thoroughly demonstrated that by judicious and persistent 
manipulation both of them can be successfully controlled and sup- 


Report of the Meeting of the Inspectors of Apiaries, San Antonio, Tex., 
November 12, 1906. Bul. 70, Bur. Ent., U. S. Dept. Agric., 1907. 
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pressed. The rapidity with which they spread, however, makes co- 
operation of bee keepers throughout the State or States essential. 
Sixteen States and Territories * now have legislation and inspectors 
designed to protect the bee keepers from the spread of these infectious 
diseases. The State nearest to Massachusetts is New York, where 
the annual loss of bees alone is shown in the following figures: ? 


Previous to 1899, in a limited area, the loss of bees alone is estimated 


SN teense 0th ae ee ee ee a $39, 383 

In 1899, when concentrated effort to suppress bee disease was begun, 
ER terre ents Seale eee ES de et = 2D aD 
ane sg ER ORI i Ee a 20, 289 
ES at i eee acl A ls 2 a 10, 8538 
In 19038 the loss of the previous year was halved, making it__________ 5, S60 
TRE | eel AS Ug ee OE aT pc ep gv ee eS 4, 741 
Poet was afain divided by two, beings... _-§___»__-__._._ pA | 
In 1905 there was again a reduction of nearly 50 per cent____________ 1, 725 
Total loss of bees, covering about ten years__________________~ 110, 491 


In other States the encouraging results of inspection and _ per- 
sistent effort to suppress the inroads of disease are similar. 


INSPECTION. 


Inspectors are not alone police officers. They are educators, up-to- 
date bee keepers giving instructions in modern methods of bee keep- 
ing, thoroughly experienced in treating foul brood, and a great stim- 
ulus to progress. They are necessarily exacting and thorough; but 
they are not out to seize and condemn; their aim is to help the bee 
keepers, to assist them in a cooperative effort to eradicate disease, and 
to promote bee keeping. Of course the individual can do much for 
himself by keeping his own yard clean and free from infection; but 
he is in constant danger of reinfection from his neighbors, if they 
fail to cooperate with him. 


A BRIEF ACCOUNT OF TREATMENT FOR BROOD DISEASES. 


Those who are most experienced in the suppression of brood dis- 

66 ae %¢@ = a 7 >; Og an 7 > 
eases are agreed that “ shaking,”® which is practically “ shook swarm- 
ing,” and modifications of this process are the only successful methods. 


— 


“ The legislation empowering this inspection in twelve of these States and Ter- 
ritories is reprinted from Bul. 61, Bur. Ent., issued November 5, 1906, and en- 
titled “The Laws in Force Against Injurious Insects and Foul Brood in the 
United States,” compiled by L. O. Howard and A. F. Burgess. 

’These figures are afforded by a compilation made in 1905 by Mr. Charles 
Stewart from the records of the commissioner of agriculture of New York 
State. 

¢'The various treatments are described by Dr. E. I. Phillips in Cireular 79, 
of this Bureau, mentioned above. 
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SHAKING. 


Shaking is briefly this: As soon as a colony is discovered dis- 
eased, and at a time when there would be no robbing, it is shaken on 
the old stand into a hive containing new frames with narrow strips 
of foundation. In this way none of the contaminated honey is de- 
posited in the new cells. Should the disease reappear, which is some- 
times the case, the operation must be repeated. In order to prevent 
the bees from swarming out, the queen may be caged in the hive for 
a few days or the entrance closed with a piece of queen-excluding 
zinc. Care should be taken not to scatter parts of the contaminated 
hive, particularly the honey, where bees can get at them. 


DISINFECTION OF HIVE MATERIALS. 


Honey, unless it has been boiled as above described, should never 
be fed back to bees. Wax, however, after being rendered and manu- 
factured into foundation, is commonly used without apparent dan- 
ger. It is customary in the East to put bees back into hives which 
have formerly contained diseased colonies, after they have been 
thoroughly cleaned of all bits of wax and honey. In the West, how- 
ever, the hives are either burned out with oil, with a blue-flamed 
torch, or are disinfected with strong chemical disinfectants. All 
frames should be burned, since it does not pay to clean them. 


asso A... B. BE. Bul. 75, Part IV. A., December 26, 1908. 
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THE RELATION OF THE ETIOLOGY (CAUSE) OF BEE DISEASES 
TO THE TREATMENT.’ 


By G. F. WuHite, Ph. D., 
Expert in Bacteriology. 


INTRODUCTION. 


Bee keeping is not an industry which brings a fortune to a few, but 
is one the profits of which add comfort to 700,000 homes in Amer- 
ica. This industry, which is a pleasure and a profit to so many, is 
beset with difficulties. One of the greatest obstacles encountered 
in the successful pursuit of bee keeping is disease. There are a num- 
ber of diseases which attack the honey bee. Those which cause the 
greatest loss attack the brood. These diseases are known to the bee 
keeper as American foul brood, European foul brood, and pickled 
brood. Considerable loss is sustained also from paralysis and dys- 
entery. Other disorders of less importance are sometimes encoun- 
tered. If the apiarist is to treat these diseases effectively, he should 
become as familiar as possible with their etiology. Therefore this 
opportunity has been chosen to discuss the causes of bee diseases, as 
far as they are known, and to emphasize the importance of such 
knowledge in the treatment. 

The word “ disease ” is made up of two parts, “ dis,” referring to 
a negative condition, and “ ease,” meaning a state of rest. By com- 
bining the parts we have the very appropriate word meaning a nega- 
tive state of rest. We are all familiar with health, which is the 
state of rest. It is the condition which we experience when all the 
organs of the body are, so to speak, in a state of equilibrium. Any 
departure from this state of health is disease. You should remember 
that disease is alike in nature in all the animal kingdom and differs 
only in kind. 

To understand best the nature of disease we must study the causes 
of disease. A number of factors may combine and be responsible 
for a diseased condition. This group of factors is known as the 
“etiology.” Etiology, then, means the causation of disease. Let us 
further consider the etiology of disease and use bee diseases largely 
as illustrations. 


“Read at the meeting of the National Bee-Keepers’ Association, Detroit, 
Mich., October 14, 1908. 
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ETIOLOGY (CAUSE) OF DISEASES. 


Every abnormal condition in the body of an animal which we 
know as disease has a cause which has brought about such a condi- 
tion. In most of the diseases of man and the higher animals compar- 
atively little is known of the cause. Likewise, and unfortunately, 
the same is true of bee diseases. Gradually but slowly new facts 
about all diseases are added to our knowledge, the unfortunate thing 
being that so many statements are reported as facts which have never 
been demonstrated to be true. 

In the study of the etiology of a disease and in the discussion of it, 
it is convenient to divide the causal factors into predisposing and 
exciting. Under the predisposing causes which may be considered 
as factors in bee diseases we have age, sex, race, heredity, climate, 
and preexisting disease. Under the exciting causes we may consider 
food and micro-organisms. 

To illustrate, let us consider the different factors just mentioned. 


PREDISPOSING CAUSES. 


AGE. 


In our experience with human diseases we have learned to expect 
scarlet fever, measles, mumps, and whooping cough more often in 
children than in adults; typhoid fever and appendicitis in young 
adults; and cancer in those more advanced in life. In bee diseases 
we expect European foul brood to attack larve that are younger 
than those which suffer from American foul brood. We expect the 
so-called ‘“ pickled brood ” to die just before or after capping, while 
paralysis is, as far as we know, a disease of adult life. 


SEX. 


Of some importance in the etiology of human diseases is the factor 
sex. Inflammatory rheumatism, gout, and diabetes, for example, 
occur more frequently in men, while goiter and hysteria are more 
frequent in women. In bee diseases we expect in American foul 
brood to find the worker larvee more often attacked than the drone, 
while in European foul brood this difference, if it exists, does so 
only to a shght degree. 


HEREDITY. 


You are all familiar with the fact that heredity is considered as 
an important predisposing factor in tuberculosis, cancer, gout, in- 
sanity, ete. It is interesting that in the so-called “ pickled brood ” 
there is some evidence which indicates that heredity plays an im- 
portant role. ; 
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RACE. 


Racial immunity is a rather interesting factor in the study of- 
human and animal diseases. The negro, for example, seems to pos- 
sess considerable immunity in gout and diabetes compared with the 
white race. Sheep ordinarily are very susceptible to anthrax, but 
there is an Algerian race of sheep which is immune to this disease. 
Some bee keepers believe that race is an important factor in bee 
diseases, but comparatively little is definitely known on this phase 
of the etiology. 

CLIMATE. 

That human diseases are more frequent in some climates than in 
others is a fact familiar to us all; that climatic conditions play a 
part in bee diseases seems to be quite probable. 


PREEXISTING DISEASE. 


Preexisting disease has very little, if anything, to do with bee dis- 
eases. By preexisting disease we mean that when an individual 
passes through an attack of a disease the disease predisposes that indi- 
vidual to other diseases. This is illustrated in various human and 
animal diseases. In bee diseases we do not know whether any larva 
or pupa ever recovers sufficiently from an attack of disease to con- 
tinue its development and emerge as an adult bee. Many bee keepers 
think that adult bees in American foul-brood colonies are less active 
than in normal cofonies. Whether or not they suffer from disease we 
do not know. It is possible, but not so probable, that they have suf- 
fered a light attack of disease while in the developmental stage and 
emerged as adult bees with weakened organs which do not perform a 
normal function. If this were true, it would illustrate the impor- 
tance of preexisting disease as a predisposing factor in etiology. 

Having thus briefly considered some of the more important pre- 
disposing causes which enter into the etiology of bee diseases, let us 
consider two of the more important exciting causes—food and micro- 
organisms. 

EXCITING CAUSES. 


Foon. 


The character of food is believed by many bee keepers to be an ex- 
citing factor in dysentery. Should the food contain poisons, grave 
results might follow. Some attribute paralysis to the character of 
the food, but this is far from a demonstrated fact. 


MICRO-ORGANISMS. 


By micro-organisms we mean those living plants and animals which 
are very small and must be magnified greatly before they can be seen. 
Those which are to receive our attention are bacteria, protozoa, and 
fungi. 
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Bacteria—We have now come to the consideration of that factor 
in the etiology of bee diseases which is most important and with 
which we would have the bee keepers become familiar. The annual 
loss sustained by the bee keepers of this country due to the one cause, 
bacteria, 1s to be reckoned in millions. It is unfortunate that it is 
necessary to use the word bacteria, because too many at once think 
that they are not able to understand anything about bacteria. This 
is a mistaken idea. It is not difficult to understand the facts about 
them which are most important in the treatment of disease. It might 
be well to review here some of the things known concerning their life 
history. 

Nearly two years ago the writer had the honor of reading a paper 
at a meeting of bee inspectors held at San Antonio, Tex.; upon the 
subject of the bacteriology of bee diseases. This paper appears in 
Bulletin No. 70 of the Bureau of Entomology of the United States 
Department of Agriculture, page 10. In it are discussed briefly the 
nature of bacteria, their distribution, the methods of studying them, 
and the results of their activity. It is stated that bacteria—often 
called germs, microbes, and parasites—are very small plants; so 
small, indeed, that 12,000 placed end to end measure but 1 inch. They 
increase in number with marvelous rapidity. Under favorable condi- 
tions each bacterium in twenty minutes becomes two. At this rate 
countless millions are formed in twenty-four hours. As the soil be- 
comes exhausted in which they are growing many species form spores 
which are in a way comparable to the seeds of higher plants. These 
spores are very difficult to destroy by heat and other disinfectants. 
It is well to remember, concerning the distribution of bacteria, that 
they are found in very large numbers everywhere about us, but that 
most of them are as harmless as the vegetables we eat. But should 
there be introduced into an apiary, for example, the species of bacteria 
which causes American foul brood, then the brood becomes exposed 
to the disease and will probably contract it. 

The study of bacteria must be carried on for the most part in the 
laboratory. By the use of the microscope we are able to tell the 
genus (e. g., Bacillus) to which an organism belongs, and by specially 
prepared media, or soils, we are able to determine the species to which 
it belongs (e. g., alvez). 

Having determined these things about bacteria, we are interested in 
finding out what they are capable of doing. We learn that some do 
good, as, for example, in bringing to decay the remains of dead ani- 
mals and plants, while other species do harm by their ability to pro- 
duce disease or death in the animals in which they are able to gain 
entrance. The disease American foul brood, which causes the great- 
est loss to the bee-keeping industry, has been demonstrated to be 


RELATION OF ETIOLOGY OF BEE DISEASES TO TREATMENT. 387 


caused by bacteria. Above all, you should understand that the death 
of the brood is due to one species of bacteria growing in the larve. 

Protozoa.—In contrast to bacteria, the protozoa belong to the ani- 
mal kingdom. They are very small unicellular animals. Many 
species are harmless, as are many species of bacteria, while some 
species have the power to produce disease. They produce disease 
and death in a manner very similar to bacteria; that is, by growing 
in the body of a living animal. As far as we know, none of the bee 
diseases is due to protozoa. One investigator described what he 
thought was a protozoon and named it Spirocheta apis. It was 
shown that he made an error in his observations. Therefore there is 
no Spirocheta apis and no protozoon, as far as we know, which is 
pathogenic to bees. 

Fungi—tThe term “ fungi” is a rather broad one, but in the dis- 
eases of animals we usually refer, in speaking of fungi, to those 
forms of plant life which are higher than bacteria. ‘They are usually 
made up of branching mycelial threads, and have a variety of meth- 
ods for producing spores. One writer described one species, Aspergil- 
lus pollini, which he was supposed to have proved to be the cause of 
pickled brood, but he had not done so. 

To the above groups belong the known exciting causes. There are 
also unknown exciting causes. When the unknown causes become 
known they may be found to belong to the groups mentioned above. 

There is a very important classification of diseases into those which 
are infectious and those which are noninfectious. From what has 
been said, this classification becomes clear to us. An infectious bee 
disease is one which may be transmitted from one colony to another 
through the natural processes in the apiary. American foul brood 
and European foul brood are examples of this class of disease. What 
is transmitted in an infectious disease? It is the exciting cause of that 
disease. In American foul brood it is one species of bacteria, Bacillus 
larve. In European foul brood we do not know what is transmitted. 
Since we do not know the exciting cause it must be classed under the 
unknown exciting causes. When the cause is determined it will prob- 
ably be found to belong to one of the three groups of micro-organisms 
mentioned under the known causes. A noninfectious disease is one 
which is not transmitted from one colony to another. The so-called 
“pickled brood ” and paralysis, as far as we know, illustrate this class 
of diseases. 

This brief discussion of the etiology of disease is given in order 
that you may get a clearer idea of the nature of disease and what is 
meant by etiology. We shall now consider the treatment of disease 
and illustrate with bee diseases. 


y) 
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TREATMENT OF DISEASE. 


The ultimate object in the investigation of diseases is the successful 
treatment of them. Before a disease can be treated rationally the 
diagnosis must be made; in other words, it must be determined what 
disease is present. If, for example, the so-called “ pickled brood ” is 
present in an apiary, the treatment will be quite different from what 
it would be if American foul brood or European foul brood were 
present; and if no disease is present, as sometimes happens, and the 
bee keeper suspects a disease, it is important that a positive diagnosis 
be made of this condition. 

There is no method by which bee disease can be so positively diag- 
nosed as by the finding of the exciting cause in the affected and dead 
bees. This fact is made use of in diagnosing samples of brood sent to 
the laboratory and illustrates one important advantage in knowing 
the etiology of disease. If we are to devise methods for treatment it 
is important that we should know where the exciting cause exists, 
under what conditions it grows, how it is carried from one place to 
another, and how it may be destroyed. These facts are determined by 
a study of the etiology of the disease, and it is upon such facts that 
we should base the treatment. : 

Those who are familar with bee diseases are also familiar with 
the different methods of treatment. It is not the purpose of the 
writer to discuss any of the classical methods, but to suggest a few of 
the principles upon which such methods must be based if they are to 
be most effective. Treatment-is both preventive and curative. 


PREVENTIVE TREATMENT. 


Too many believe that the treatment of bee diseases consists in the 
control or eradication of a disease after it is found in the aplary. 
This is only the minor part of treatment—the curative. The treat- 
ment which is of major importance is the preventive treatment. Pre- 
vention is much easier than cure. To prevent disease in the apiary 
is to keep it out. To keep it out is to keep out the exciting cause. In 
order to keep out the exciting cause, it is desirable to know its dis- 
tribution or where it is found. In American foul brood the exciting 
cause, Bacillus larve, is found in immense numbers in the bodies of 
diseased and dead larve. These dead larvae, for the most part, are 
allowed by the bees to remain in the brood cell as a scale. The honey 
also has been demonstrated to contain the bacteria which produce this 
disease. The pollen may be contaminated with the spores of this 
disease-producing organism. The combs from an apiary affected 
with American foul brood are a fruitful source of infection. The 
inside of the hives which have contained colonies suffering with 
American foul brood may be contaminated with the germs which 
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cause the disease. Honey extractors, honey tanks, and wax ex- 
tractors which have been used in infected apiaries are also a fruitful 
source of infection. Therefore if you are to keep the disease-pro- 
ducing bacteria out of your apiary, and thereby keep out disease, 
you must not feed honey unless you are positive that it did not come 
from an. infected apiary or that it has been thoroughly boiled. 
Neither must you use old combs unless you are positive that they 
have not been in an infected apiary. Use no bee supplies from an in- 
fected apiary unless they are thoroughly disinfected. 

These things being true of the infectious disease American foul 
brood, of which we know the cause, until the cause of any other in- 
fectious disease can be determined we can do no better than to suggest 
the use of the same principles in the treatment of such a disease as 
must be used in the successful treatment of American foul brood. 


CURATIVE TREATMENT. 


In the curative treatment, considering the colony as a unit, use is 
made of two widely different principles—the removal of the disease- 
producing material, thereby removing the germs, and the use of drugs. 

In separating the disease-producing germs from the colony, all the 
combs are removed. This removes the principal sources from which 
the brood is infected—foul-brood larve and honey. It is always 
safer to allow the bees to go into a new hive or a hive which has been 
thoroughly disinfected. The greatest care should be exercised in 
protecting all infectious material which has been removed, that it may 
not be robbed by the bees. 

The principle involved in the treatment by drugs is that of an anti- 
septic. The theory is that a small amount of some drug—like beta 
naphthol, salicylic acid, carbolic acid, eucalyptus, formic acid, etc.—is 
sufficient, when taken with the larval food, to inhibit the growth of 
the pathogenic bacteria. 

Having thus in a general way considered the subject of the etiology 
of disease and the treatment in accordance with such knowledge, let 
us consider the different diseases separately. 


AMERICAN FOUL BROOD. 


That Bacillus larve is the cause of American foul brood has been 
demonstrated conclusively. It is a species of bacteria which when 
it is introduced into the healthy larve multiplies rapidly and causes 
the death of a large amount of the brood. When the larva dies the body 
decomposes and the remains dry down to a tongue-like scale on the 
lower side wall of the cell. In this scale are millions of spores which 
are able to produce disease in other larvee should they be fed to them. 


40 MISCELLANEOUS PAPERS ON APICULTURE. 


Just how the bacteria are carried from a dead larva to a healthy 
one we do not know. It is not uncommon, in examining the brood, to 
find only a portion of a larva in a cell, the bees having removed a 
part of it. When the body wall of a larva is broken in examining 
for foul brood, bees readily suck up the contents which flow out. 
This is true when the larva which is punctured is healthy, or when 
it is sick with disease, or after it has been dead a few days. The 
larvee at these stages of the disease contain a very large number of 
the disease-producing bacteria. These observations would indicate 
that in this way, in part at least, the infectious material might be 
carried to healthy larve. Actual contact of the appendages of the 
bee with the foul-brood material, and the subsequent contact of the 
same appendages with the food of the larvae, may be a method by 
which the disease-producing bacteria are spread. We do know that 
in foul brood it is possible to obtain Bacillus larve from the honey, 
and we do know that when bees are fed the spores of Bacillus larve 
in honey American foul brood will appear in the apiary. 

The spores of this bacillus are very resistant to heat and other 
disinfectants. They resist the boiling temperature of water for 
fifteen minutes. In 5 per cent carbolic acid they were not killed in 
two months’ time. This was demonstrated by obtainmg growth in 
cultures after the spores had remained in this disinfectant for that 
length of time. Likewise it has been demonstrated that the spores 
of Bacillus larva, when taken from the scales of American foul brood, 
resist the action of mercuric chloride (corrosive sublimate), 1: 1,000 
aqueous solution, for two months. Having such facts before us, we 
can better judge the methods for treatment. 

In treating this disease we must bear in mind the preventive and 
curative measures. In the preventive treatment many of the condi- 
tions you can control; others may be difficult. You can at least be 
sure that you import no bees or used supplies which might have been 
in an infected apiary. Use no old combs and feed no honey of 
which you do not know the history. In this way the bacillus which 
causes the disease in a large measure can be kept out of the apiary. 
There are conditions which are difficult to control. Should a near-by 
apiary be diseased and some of the colonies become weak or die out, 
it might be difficult for you, in a dearth of nectar, to keep your bees 
from robbing the diseased apiary and in this way bringing these 
disease-producing germs to your healthy colonies. 

Some preliminary experiments have been made, but the results do 
not indicate that drugs, in the treatment of this disease, have the 
value advocated by some English writers. 
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EUROPEAN FOUL BROOD. 


European foul brood is another infectious bee disease. It attacks 
the brood at an earlier period in the growth of the larvee, as a rule, 
than American foul brood. The cause of this disease is not definitely 
known. From brood dead of this disease Cheshire and Cheyne iso- 
lated Bacillus alvei. From their work it was long supposed that 
Bacillus alvei was the cause of the disease, but later investigations 
make the value of their work doubtful. 

A: number of organisms have been found in the larve dead from 
this disease and some of them have been described. One species has 
been encountered in our investigations of the disease which is of 
special interest. The individuals of this species are quite small, 
apparently non-spore-producing, and have so far failed to grow when 
sown on our artificial media. Until we know more about this species 
it will be referred to as Bacillus “ Y.” Since the cause is not posi- 
tively known, the amount of heat and chemical disinfectants to de- 
stroy the virus has not been demonstrated. If, later, Bacillus “ Y ” 
is demonstrated to be the cause, we shall expect that very much less 
heat will be sufficient to kill it than is necessary to kill Bacillus larva, 
the cause of American foul brood. Likewise we shall expect that 
chemical disinfectants will be much more readily effective. Until we 
know more about the etiology of European foul brood we can do no 
better than to suggest the application of the same principles which are 
found advisable in American foul brood. 


SO-CALLED “ PICKLED BROOD.”’ 


We refer to this disorder of the brood as the “so-called pickled 
brood ” and not pickled brood, because the condition which William 
R. Howard, of Fort Worth, Tex., described is not what the bee 
keepers know as pickled brood. The exciting cause of this disease 
is not known. The larve die at that age just preceding or just after 
capping. Some bee keepers have a theory that heredity plays a very 
important part as a predisposing cause. As far as is known the 
disease does not seem to be infectious. 

This disease is treated by some bee keepers by requeening, on the 
assumption that heredity is the important factor in the production 
of the disease. If more were known concerning the etiology, the 
treatment might be materially changed. 


PARALYSIS. 


Paralysis is a disease of the adult bee. The cause of this malady 
is not known. It does not seem to be infectious, although in some 
apiaries a large number of colonies may be affected at the same time. 
Some have advanced the theory that the character of the food is the 
exciting cause. 
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Since we know nothing positively about the cause, we can suggest 
very little in the way of treatment. The removal of the stores from 
the hive would tend to remedy the defect if the character of the food 
be an important factor in the etiology. 


SUMMARY AND CONCLUSIONS. 


We have now briefly considered the nature and the etiology of bee 
diseases and have suggested some of the principles upon which the 
methods of treatment must depend if such treatment is to be most 
efficient. If we review what we have just said concerning the 
etiology and treatment of the different diseases, we observe the follow- 
ing facts: 

There is but one disease, American foul brood, of which we know 
absolutely the exciting cause. The cause is a species of bacteria, but 
there are many things concerning the nature, the distribution, and the 
activity of which we do not know. The facts which have been deter- 
mined enable us to suggest some of the principles upon which the 
treatment must be based. Just so rapidly as our knowledge of the 
etiology of this disease increases, so rapidly will we be able to suggest 
principles for the improvement of the methods of treatment. 

In European foul brood we only know positively that the disease 
is infectious, and we can do no better than to use the principles 
gained by the study of American foul brood. As our knowledge of 
the etiology of this disease increases, the methods of treatment will 
be altered. 

In the so-called “ pickled brood” we do not seem to have an in- 
fectious disease. Nothing is positively known of the etiology except 
that the larvee die at approximately the same age in all cases, which is 
about the time of capping. The treatment that is used by some is 
based upon the principle that heredity is an important factor, and 
therefore requeening is resorted to. 

In the disease of adult bees known as “ paralysis,” practically noth- 
ing is known and practically no treatment is known to be effective. 

It will be noted that in every case the treatment of bee diseases 
is based upon the knowledge of the etiology. There are many things 
of very great importance in the etiology which are yet to be deter- 
mined, but there are many things which are known that, if applied 
by the bee keeper, will prove to be of great value to him financially. 
It is to be hoped, then, that the bee keeper will make himself as fa- 
miliar as possible with the nature of the etiology of bee diseases, since 
it is clear that the better the cause is known the better will be the 
treatment. From this discussion one conclusion can be drawn—that 
in the knowledge of the etiology of bee diseases lies the hope of their 
control. 
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MISCELLANEOUS PAPERS ON APICULTURE. 


A BRIEF SURVEY OF HAWAIIAN BEE KEEPING. 


By E. F. Pures, Ph. D., 
In charge of Apiculture. 
INTRODUCTION. 


Bee keeping on the Hawaiian Islands is one of the minor industries 
which is being conducted with profit. As in all other places, this 
business can never, from its very nature, become a leading industry, 
but there is reason to believe that there is yet room for considerable 
expansion. The modified methods made necessary by a tropical 
climate and other conditions of a local character present some new 
phases of the keeping of bees, and in view of the fact that these modi- 
fications will be of interest to bee keepers on the mainland, as well as 
to those in Hawaii, it seems desirable to put on record a brief account 
of what the author was able to observe personally and to learn from 
others in the four weeks spent on the islands in making an apicul- 
tural survey. 

The author would express his thanks to the bee keepers of the 
islands for the cordial way in which they anticipated his every desire 
in planning the trips of investigation. He would also mention the 
particular assistance of Mr. D. L. Van Dine, entomologist of the 
Hawaii Agricultural Experiment Station, who accompanied him 
en all his trips, and from whom much of the information in this 
paper was gathered. 


PUBLICATIONS ON HAWAIIAN BEE KEEPING. 


Different phases of Hawaiian bee keeping are discussed in other 
publications, a list of which is appended.* The bee keepers of the 


“Reports of the Royal Hawaiian Agricultural Society (1851-1856). 

A Brief History of the Hawaiian People, by W. D. Alexander, 1899, p. 286. 

Report of the Entomologist, by D. L. Van Dine, in Report on Agricultural 
Investigations in Hawaii, 1905, by Jared G. Smith. Bulletin 170, Office of 
Experiment Stations, U. S. Dept. of Agriculture, 1906. 

Report of the Entomologist, by D. L. Van Dine, in the Annual Report of the 
Hawaii Agricultural Experiment Station for 1907, 1908. 

Introduction of Honey-Producing Plants, by D. L. Van Dine; Hawaiian 
Forester and Agriculturist, Vol. V, pp. 9-13. 

alawaiian Honeys, by D. L. Van Dine and Alice R. Thompson. Bulletin 17, 
Hawaii Agricultural Experiment Station, 1908. 

Chemical Analysis and Composition of American Honeys, by C. A. Browne, 
including a Microscopical Study of Honey Pollen, by W. J. Young. Bulletin 
No, 110, Bureau of Chemistry, U. S. Dept. of Agriculture. 1908. 
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islands have been extremely fortunate in enlisting the interest of the 
Hawaii Agricultural Experiment Station. Mr. D. L. Van Dine, the 
entomologist of the station, has been very active in rendering valuable 
assistance to the bee-keeping industry by his investigations, and Miss 
Alice R. Thompson, the acting chemist, has done good work in chem- 
ical analysis of honeys. 


BEE-KEEPERS’ ASSOCIATION. 


The bee keepers of Hawaii are organized into an active and efficient 
association, which has been in existence about two years. By united 
effort this organization has accomplished much that is of great value 
to the industry. When the question of marketing their honey under 
the regulations of the food and drugs act of 1906 arose they sent a 
representative to Washington to present their case. In this and 
many other ways the bee men have shown themselves to be alert and 
progressive in looking after their best interests. 


METHODS OF MANAGEMENT. 


At the present time bee keeping is largely in the hands of four 
corporations, they owning and operating at least four-fifths of all 
the bees on the islands. These companies are all managed by Ameri- 
can citizens, but there are a number of smaller apiaries, some of which 
are owned by Japanese. The last-named apiaries are usually not so 
well kept nor are they so productive. The total number of colonies 
at present is probably about 20,000, and the annual output of honey, 
which is mostly shipped to the mainland or to Europe, is probably 
about 600 tons. The keeping of bees by corporations, as opposed to 
individual ownership, is something which is rarely observed else- 
where. As they are located a considerable distance from the market 
and as the expense of supplies and shipping is high, it has seemed 
desirable to the bee keepers to organize companies so that they may 
make large shipments. There is also on the Hawaiian Islands a 
tendency, to a marked degree, to incorporate all industries, and doubt- 
less the prevalence of this method of conducting business has induced 
the bee keepers to adopt it also. With this system it is possible for 
one skilled manager to oversee the manipulation of several thousand 
colonies, the actual manipulation being done in most cases by the 
Japanese helpers; in this way the cost of maintenance of the apiaries 
is reduced very considerably. Since the price obtained for Hawaiian 
honey is still rather low, it is of course necessary to reduce expense in 
every way possible. 


’'The crop for 1908 will probably amount to nearly 1,000 tons, according to a 
recent report from the entomologist, 
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‘“ BEE RIGHTS.” 


The buying of “ bee rights,” as it is practiced in Hawaii, is some- 
thing practically unheard of elsewhere, and would certainly appear 
to a mainland bee keeper as a new and strange procedure. ‘The near- 
est approach to it is the renting of locations for outyards, which can 
not usually insure no competition. This practice would not be pos- 
sible were it not for the fact that most of the available agricultural 
land on the islands is held in large tracts, mostly as sugar-cane planta- 
tions and ranches. Arrangements are made with the manager of 
a plantation for locations for apiaries, and the bee keeper agrees 
to pay a certain amount for the use of the land and for the honey 
removed from these apiaries. Frequently this is in the form of an 
agreement to pay a certain sum for each ton of honey removed from 
the plantation, but at times it isa fixed sum for the year, the bee keeper 
assuming what small risk there is of not getting a crop. The planta- 
tion management in turn agrees to allow no other bee keepers to keep 
bees in its territory. There are frequently small holdings within the 
boundaries of the plantation over which the plantation company has 
no control, and some other bee keeper may lease these with the idea 
of allowing his bees to range over the entire plantation. If, for 
example, he puts 200 colonies on such a holding, the immediate 
placing of say 500 colonies just across the line has a discouraging 
effect on this poaching and it can end in only one way, since the bee 
keeper who has a right there has the advantage. The same thing 
happens when an outside bee keeper gets too close to the boundary 
line. 

Naturally, when land is divided into smaller holdings, as is the 
case almost everywhere on the mainland, such an arrangement is not 
possible and a bee keeper must run the risk of competition. There is 
no way of telling what amount of honey is taken from any given 
area when the tracts are small. The moral right of priority claim, 
which so many bee keepers advocate, has small place in the manipula- 
tions of territory in Hawaii, where the bee-keeping companies pay 
for what they get and insist on getting it. One of the large com- 
panies gains its exclusive right by reason of the fact that it owns and 
leases a tract of over 100,000 acres for ranch purposes. 


EXTENT OF THE INDUSTRY. 


At the present time there are on the islands probably about 20,000 
colonies of bees, most of which are, as above stated, owned by four 
companies. From the custom-house statistics it is shown that the 
annual shipments of honey amount to about 1,000 tons. The island 
of Kauai now supports about 3,000 colonies, and, after traveling 
over almost the entire cultivated portion of the island, the author 
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is of the opinion that the island is just about half stocked. The 
island of Oahu seems to be well covered from an apicultural stand- 
point. Molokai is not a cane-producing island, but the algarroba 
forest is nearly stocked, and the only place for heavy expansion seems 
to be in the mountains, where several forest trees are nectar bearing. 
The island of Maui could not be examined as carefully as the others 
on account of inclement weather, but from reports received it is ob- 
viously not stocked to the extent that it should be. The island of 
Hawaii, the largest of the group, is relatively the least developed of 
any of the islands. There are only a few apiaries on this area, which 
is almost equal in extent to Connecticut, and there are great possibili- 
ties. On the south coast there are vast areas of cane, and the same 
is true of the Hamakua coast on the north. The Kona coast would 
probably support some bees in the coffee plantations. One such 
aplary was seen by the author (Pl. VU, fig. 2). On the interior of 
the island there are vast areas which are entirely undeveloped from 
an apicultural standpoint, and the island can doubtless support 
thousands of colonies of bees at a profit. 

The total area now actually stocked with apiaries would not nearly 
equal in size one-half the State of Rhode Island, while the honey crop 
is probably 20 times as great as in that State. According to the 
Census Report for Rhode Island it would be 40 times as great, but we 
can not use this figure on account of its obvious unreliability. This 
comparison will show the honey-producing capabilities of the islands 
as compared with our more northern countries, and will also show how 
thoroughly the areas are stocked where the industry has been taken 
up. A small part of Oahu is doubtless overstocked, due to crowding 
into a given area by competitive companies. There was no evidence 
of such overstocking elsewhere. 

Overstocking an area with bees is a subject much discussed among 
bee men, and the situation in Hawaii illustrates very beautifully the 
fact that a theoretical discussion of how many colonies may be kept 
in one place is of no value whatever. Each location must be judged 
on its own merits, and a given area which will support only 20 colonies 
in one region may support 1,000 elsewhere. It is also obvious that 
seasons vary to a marked degree. In many parts of the mainland it 
is deemed advisable to keep not more than 100 colonies in one apiary 
and to allow each apiary a radius of 14 to 8 miles. On the basis of 
these figures, from 50 to 200 acres are necessary to support a single 
colony of bees. Without discussing the merits of these figures, it is 
enough to say that this is the common mainland practice, particularly 
in the more densely populated areas. In contrast to this, an examina- 
tion of the methods in Hawaii is extremely significant. One area of 
cane on the island of Oahu contains a little over 20,000 acres. As will 
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be discussed later, this is not all equally productive from a bee-keeping 
standpoint. Near this is some algarroba forest, but not enough to in- 
fluence the crop very much. This area supports nearly 5,000 colonies, 
some of which yield exceptionally large crops. In certain parts of 
this area competition is too strong to yield proper results, but some 
apiaries yield over 200 pounds to the colony. In some other cane areas 
this record can be almost equaled. Algarroba will not produce so 
much per acre, but this is partly due to the fact that it blooms for less 
than six months, while cane fields furnish honeydew every day in the 
year. One strip of algarroba forest on Molokai supports nearly 2,000 
colonies. It will not average more than one-half mile in width, and 
about 30 miles of it is used for bees. 


SOURCES OF HONEY. 


FLORAL HONEY. 


The amount of floral honey produced on the islands annually is 
about 200 tons. Formerly the only source of honey on the islands 
which was widely enough distributed to make bee keeping commer- 
cially important was algarroba, native “ keawe.” (Pl. VIII, fig. 1.) 
This tree was introduced into the islands by Father Bachelot, founder 
of the Roman Catholic mission, in 1837, and the original tree still 
stands on Fort street, in Honolulu. It has been carried to all the 
islands and is one of the most valuable plants ever brought into the 
group. It furnishes not only an excellent honey, but the pods afford 
excellent fodder and the wood is the main source of fuel. 

The honey from algarroba is “ water white ” in color and granulates 
very soon after it is stored by the bees in spite of the warm climate of 
the islands. This characteristic makes frequent extractions necessary 
to prevent the combs from being clogged. In regions where algarroba 
is practically the only source of honey, at the close of the flow an 
amount of honey sufficient to keep up the colony until the next flow 
is left in the hive. This, of course, soon granulates. When the 
honey flow diminishes, the brood chamber is reduced and considerable 
honey is stored in the space formerly occupied by brood. When 
the next flow comes on, a good deal of this granulated honey remains 
in the combs, and since this can not be extracted, these combs are re- 
moved and replaced either by empty combs or by foundation, to give 
the queen more room. These combs containing granulated honey are 
then placed in huge solar extractors, the largest that the author had 
ever seen. With 200 or more colonies in an apiary, there is often need 
for a solar extractor which will hold several hundred combs at a time, 
and practically every apiary visited by the author had such a piece of 
apparatus as part of the equipment. The sun’s heat liquefies the 
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honey and melts most of the wax, and the wax from the “ slumgum ” 
is then extracted by the usual methods. The honey from these solar 
extractors is not darkened, as one would expect. 

The algarroba tree (Prosopis julifiora) is either the same species as 
or very closely related to the mesquite of the southwest. On the 
islands it grows to the size of a tree, as is also the case in Mexico. In 
Texas it is generally very much smaller. In 1908 the tree came into 
bloom about the 1st of March, the time varying considerably in dif- 
ferent localities on the islands. It usually blooms until August, and 
this very long blooming period adds greatly to its value to the bee 
keepers. 

The following list of honey plants, other than algarroba, is fur- 
nished by Mr. D. L. Van Dine, entomologist of the Hawai Agri- 
cultural Experiment Station. Mr. Van Dine has studied the honey 
sources of the islands very thoroughly. Many of these plants were 
pointed out to the writer while he was on the islands. 


FOREST TREES. 


Texas mesquite (Prosopis glandulosa). Growing in dooryard of Mr. C. C. 
Conradt, Pukoo, island of Molokai. Seeds under propagation at Hawaii Agri- 
cultural Experiment Station. Introduced by Mr. Conradt from Texas several 
years ago. : 

Ohia lehua (Metrosideros polymorpha). Produces a particularly high grade 
of honey. Locations for apiaries as a rule Somewhat inaccessible. One location 
on the island of Molokai is within the ohia lehua belt. 

Various species of Acacia (black wattle, koa, ete.). Mountainous districts. 

Various species of Eucalyptus. Mountainous districts. 

Wiliwili (Hrythrina monosperma). In gulches on Molokai and Oahu. 

Rose-apple (Hugenia jambos). 

Mamani (Sophora chrysophylla). Found in higher forest belts. 

Catalpa (Catalpa speciosa and C. bignonioides). Introduced by Mr. Jared 
G. Smith, April, 1902, from the Missouri Botanical Gardens. The seeds were 
distributed to L. von Tempsky, Makawao, and H. P. Baldwin, Puunene, on 
Maui; to S. M. Damon, Moanalua Gardens, on Oahu; to Francis Gay, 
Makaweli, on Kauai; and to Louisson Brothers and Albert Horner, Hamakua, 
and B. B. Bond, Kohala, on Hawaii. The seeds were sent to the above-named 
parties under date of April 10, 1902. No reports are on file at this station as 
to the results of this introduction. 

Logwood (Hematozrylon campechianum). Found in dooryards. Two trees 
are growing in the grounds of Oahu College and one in the grounds of Lunalilo 
Home, Honolulu. Seeds under propagation at Hawaii Agricultural Experi- 
ment Station. The honey produced by bees from this tree is reported to be 
the finest table honey in the world. The propagation and distribution of the 
logwood throughout the Territory would be of great value to bee keepers. The 
wood furnishes the logwood dye of commerce. 

The black mangrove of Florida. Introduced by Mr. Jared G. Smith from 
southern Florida, for the purpose of preventing the mud flats from washing, 
along the coast of Molokai near Kaunakakai. The introduction was made 
several years ago and the trees are now well established at the above-mentioned 
place. The tree is a valuable honey plant. The station is now trying to secure 
the Philippine mangrove, a tree suitable for similar locations but possessing 
greater value as a timber tree. 
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FRUIT TREES. 


Various species of Citrus (orange, lemon, lime, etc.). 
Avocado (Persea gratissima), 
Banana (J/uwsa@ spp.). 
Guava (Psidium spp.). 
Loquat (Hriobotrya japonica). 
Tamarind (Tamarindus indica). 
PASTURE PLANTS. 


California burr-clover (Medicago denticulata). Introduced on Maui in 1882 
by Mr. C. R. Blacow. Now found generally on the ranches of the islands. 

Carpet grass (Lippia repens). Growing on grounds of Hawaii Agricultural 
Experiment Station. 

Alfilaria or filaree (Hrodiwm cicutarium and EH. moschatum). Seeds intro- 
duced in California hay. Established on upland pastures on Hawaii and 
Molokai. 

White clover (Trifolium repens). Found on Haleakala and Makawao 
pastures, Maui. 

CROP PLANTS. 
Sisal (Agave sisalana). 
Various species of cucurbits (melons, squashes, pumpkins, cucumbers, etc.). 


; FORAGE PLANTS. 
Alfalfa, several varieties. 

Lupine, blue and yellow. Occasionally used as green manure plant on sugar 
plantations. 

Tangier pea (Lathyrus tingitanus). Growing at Haiku, Maui. 

Sanfoin (Onobrychis sativa). A forage plant introduced by Mr. Jared G. 
Smith in 1904. Seed distributed to ranches. 


ORNAMENTAL PLANTS. 


Palms, particularly the royal and cocoanut. 

Poppy, a horticultural form of Romneya coulteri, found: in gardens in 
Honolulu. 

Chinese ink-berry (Cestrum diurnum). 

Thevetia neriifolia. 

Vines (I[pomca spp.). 

WEEDS. 

Lantana, two species. (Plate VIII, fig. 2.) 

California sages (Artemisia). Introduced by Hawaiian Bee Keepers’ Asso- 
ciation in 1907. Not as yet established. Suitable for waste, arid lands. The 
most important honey plant in California. Valuable as a forage plant. 

Ilima (Sida spp.). 

Oi (Verbena bonariensis). 

Pili grass (Heteropogon contortus). 

Spanish needle (lauki) (Bidens pilosa). 

Puakala (Argemone mexicana). 

Alii (Dodonewa viscosa var. spathulata). 

Hila hila (undetermined). 

Other weeds are Waltheria americana, Ipomea pes-capre (vine along sea 
coast), and Malvastrum tricuspidatum. — 


OTHER SOURCES OF HONEY. 


* Insect honeydew.—Hawaii is peculiar in that most of the honey 
produced is from some source other than flowers. Two-thirds of the 
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honey shipped annually from the islands is largely or entirely honey- 
dew honey. By far the greater part of this comes from the exuda- 
tions of the sugar-cane leafhopper (Perkinsiella saccharicida Kirk.) 
and possibly some of it from the sugar-cane aphis (Aphis sacchari 
Zehnt.), although while on the islands the author observed none of 
the latter species. (See Pl. IX, fig. 1, showing an apiary near a field 
of sugar cane.) Of course, in a tropical country there are many other 
insects producing more or less honeydew. The young “ plant cane ” 
is most abundantly covered with leafhoppers. 

Honeydew from the sugar-cane leafhopper is very dark amber in 
color and shghtly ropy. In flavor it very strongly resembles molasses 
from the cane juice. Since the color and flavor are so marked, a small 
amount of this when mixed with the mild, light-colored algarroba 
honey imparts the color and flavor of honeydew to the entire amount. 
Most honeydew honeys on the mainland granulate very rapidly, but 
this type does not granulate at all. Samples several years old are as 
clear as when first extracted. 

The chemical composition * of Hawaiian honeydew honey is quite 
unlike that of floral honey, and this fact has led to the charge of 
adulteration by buyers on the mainland and in foreign markets. 
Since nowhere else, as far as the author is aware, is honeydew honey 
produced in such large quantities, it is not strange that cursory ex- 
aminations were misleading. The author saw enough while on the 
islands to convince him that, however unlike floral honey this product 
may be, it 1s a natural sweet product collected and stored by the bee 
and is then extracted and shipped with no additions of other sugars. 

When the food and drugs act of 1906 went into effect the Ha- 
wailan Bee Keepers’ Association sent a representative to Washington 
to find out under what name they could market their crop, since it 
does not conform to the standard of the Association of Official 
Agricultural Chemists. They were informed that it could be sold 
on the mainland market provided it were labeled just what it is. This 


4 Chemical conposition of Hawaiian honeydew honey made from sugar-cane 
honeydew. 


{From Bulletin No. 110, Bureau of Chemistry, p. 37.] 
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Fia. 1.—AN APIARY NEAR A SUGAR-CANE FIELD. (ORIGINAL.) 


FIG. 2.—MOLASSES TROUGH FOR FEEDING CATTLE. (ORIGINAL.) 
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the Hawaiian bee keepers have done and it is now sold as * honeydew 
honey.” The bee keepers of Hawaii fully realize the peculiar honey 
with which they have to deal and are not attempting to market honey- 
dew honey in competition with floral honey for table use. It goes to 
the baking trade and for such use is reported to be satisfactory; at 
any rate, the price received is equal to that received for algarroba 
honey. 

As stated elsewhere, bees prefer floral nectar to honeydew. How- 


ever, when the supply of floral nectar is not great, the bees work on 


both, and as a result there are mixtures of the two, stored in the 
hives, varying all the way from the pure honeydew honey to pure 
floral honey. It is these mixtures that cause the trouble in labeling. 
One of the requisites of a pure honey as defined by the standards? 
is that it shall be levorotatory to polarized light; hence, since honey- 
dew honey is dextrorotatory and there are blends made by the bees of 
this and algarroba honey, it 1s necessary to have a chemical analysis 
made to be absolutely certain whether a given quantity of the product 
of the islands may be sold as honey or as honeydew honey. The 
various mixtures which occur are well illustrated in Plate I of Bul- 
letin 110, Bureau of Chemistry, here reproduced as Plate VI. This 
plate illustrates very well the influence of honeydew on the physical 
properties of honey. At one end of the series is the pure algarroba, 
which is represented as granulated, while at the other end is a sam- 
ple of honeydew honey which is as pure as it is usually found. Be- 
tween the two in perfect gradation are shown various mixtures just 
as they came from the hive in various extractings. The chemical 
analyses of these particular samples, made by Miss Alice R. Thomp- 
son,’ show that the chemical composition varies in exactly the same 
way. Of these samples, Doctor Browne® says: 


From the polarizations and analyses of these samples (as given in the table) 
it will be seen that there is a range in direct polarization from —22.0 to 


“U.S. Dept. Agr., Office of the Secretary, Cir. 19, p. 11. 
5 Polarization and analyses of honeydew blends. 
[From Bul. 17, Hawaii Agr. Exp. Sta.] 
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+24.5; in ash, from 0.84 per cent to 2.04 per cent; in reducing sugars, from 
76.84 per cent to 59.76 per cent; and in organic matter not sugar, from 1.41 per 
cent to 15.88 per cent. In sucrose also there is an irregular increase from 3.58 
to 7.2 per cent, this increase becoming more regular as soon as the quantity of 
honeydew is sufficient to mask the variation in sucrose content of the individual 
honeys in the series of blends. The granulation of the blends decreases with 
the increase of honeydew and ceases at about the point of optical inactivity. 
The latter point, as has been said, is taken by the chemist as the arbitrary 
dividing line between normal and abnormal honeys, and bee keepers in the 
Hawaiian Islands who are troubled with honeydew have in the matter of gran- 
ulation a rough guide for the classification of their product. If the honey: 
granulates, it may be put in the normal class; if it remains liquid for any 
length of time, it probably belongs to the class of honeydews. This statement 
does not apply in general to mainland honeys. 

The dextrorotatory honeydew honeys can not be regarded as adulterated, in 
the strictest sense of the word; nevertheless they are frequently so pronounced 
by chemists, who, in the general work of routine, are often satisfied with a most 
superficial examination, and regard dextrorotation or high ash content as cer- 
tain evidence of adulteration. 


There is a test which may be apphed with considerable safety. 
Algarroba honey granulates rapidly and pure honeydew honey does 
not; it has been found by analysis that mixtures which granulate are 
as a rule of such a chemical composition that they may be sold as 
honey. The flavor and color may be characteristic of honeydew 
honey in spite of the fact that the mixture contains enough floral 
honey to be sold as such. 

The sugar-cane leafhopper was first collected on the islands by Dr. 
R. C. L. Perkins, now connected with the Hawaiian Sugar Planters’ 
Agricultural Experiment Station, in 1900,¢ and by February or 
March of 1903 had “appeared generally throughout the cane fields 
of Hawaii in numbers sufficient to prove a serious check to the growth 
of the cane.” ® For several years the work of this insect caused a loss 
of about $3,000,000 annually ¢ to the planters, and naturally they were 
anxious that something be done to stop this heavy loss. By various 
means the leafhopper has been brought under control until to-day 
it is not abundant enough to hinder the growth of the plants, “ and 
plantations that were to a certain extent abandoned are again pro- 
ducing heavy crops of sugar.” 4 

During the time spent on the islands the author saw no sugar-cane 
fields that were seemingly injured by the leafhopper, but, on the other 
hand, there were no cane fields examined that did not contain many 


@The Leaf-Hopper of the Sugar Cane, by R. C. L. Perkins. Bulletin No. 1, 
Division of Entomology, Board of Commissioners of Agriculture and Forestry, 
Territory of Hawaii, 1908. 

6 The Sugar Cane Leaf-Hopper in Hawaii, by D. L. Van Dine. Bulletin No.5, 
Hawaii Agricultural Experiment Station, 1904. 

© Report of the Governor of Hawaii to the Secretary of the Interior for the 
fiscal year ending June 380, 1907, p. 22. 

@ Tbid. 
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leafhoppers. The fact that the leafhopper is not doing damage 
enough to hinder cane raising does not signify that it has disap- 
peared, nor is there any biologic reason for believing that it will, while 
cane is grown, unless some entirely new methods of fighting it are 
found. The fact that 400 tons® of honeydew are produced annually 
from this source in spite of the fact that only a limited amount of the 
cane area is accessible to bees is a certain indication of the untold 
millions of these insects which still exist. 

The leafhoppers exude a sweet, gummy substance on the leaves of 
the cane and the honey bees work on this eagerly. However, where 
bees have access to both honeydew and floral nectar, they prefer the 
nectar to a marked degree. When algarroba begins to bloom the 
honey stored becomes noticeably whiter. 

In view of the fact that honeydew honey has the taste and color of 
common molasses, it has been suggested that probably this product is 
gathered by the bees from the sugar mills which are so numerous on 
the islands. The writer visited several such mills located near apia- 
ries on days when bees were actively flying. No bees were to be seen 
anywhere around the mill. If bees actually did come to the mill 
after sweets, they would become a serious nuisance to the workmen. 
Why they do not is something of a mystery to the writer, but he can 
vouch for the fact that he saw no mills screened to keep bees out, nor 
did he see any bees at work in the mill or even on the pile of sweet 
refuse (“mud cake”) outside. 

Molasses is used quite extensively for feeding cattle on the islands. 
It is poured out in troughs or half barrels where the cattle can get it 
easily, and frequently these are located near apiaries. Many of these 
were examined as the writer went about among the apiaries, and in 
not a single instance did he ever see a bee at work on the molasses. 
In some cases these feeding troughs are as near as a quarter of a mile 
to apiaries. A dairyman near Waimea, Kauai, whose trough (PI. TX, 
fig. 2) is located not a quarter of a mile from a large apiary, informed 
the writer that he had never seen bees working on the molasses. Ob- 
viously, Hawaiian honeydew honey does not come from this source. 

Hetra-floral plant honeydew.—The situation in Hawaii as regards 
sources of honey is made still more complicated and interesting by the 
fact that the hau tree (Paritium tiliaceum) has nectaries on its leaves 
which secrete a honeydew. These are located on the veins of the 
leaves near the stem and are one, three, or five in number. Small 
drops of honeydew may frequently be seen on these spots. It is in- 
teresting to note that these extra-floral nectaries are present on the 
outside of the calyx of the flowers. There is apparently no true floral 
nectary. | 


“Vive hundred tons in 1908, 
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The hau tree is used quite extensively as a hedge, and grows from 
20 to 30 feet high (PI. X, fig. 1). It is doubtful whether this is the 
source of any great percentage of the honeydew honey, but the fact 
that it is present makes it still more difficult to analyze the bee-keep- 
ing situation on the islands. 


INTRODUCTION OF HONEY PLANTS. 


In addition to the nectar-secreting plants now found on the islands, 
either as native plants or as recently introduced, the bee keepers are 
anxious that other good honey-producing plants be introduced to 
increase still more the amount of floral honey. As before stated, 
bees show a marked preference for floral nectar over honeydew. 
There is on the islands a great deal of land which is not only not 
cultivated at present, but which, from its rough character, can never 
be cultivated. There is doubtless an opportunity for the introduction 
of some honey plants to the mountainous regions, where they would 
not interfere with cultivated crops or grow on land of value for any 
other purpose. | 

From the sad experiences in plant introductions on the islands, it 
will be well to watch any new honey-plant introductions very care- 
fully. Lantana, which is used so much as a greenhouse plant on the 
mainland, was introduced a few years ago. It soon escaped from the 
greenhouse, however, and found in the climate of the islands the 
proper conditions for rank rapid growth. It spread to all the islands 
and forms dense jungles 10 feet or more in height, through which it 
is impossible to pass without cutting a path (PI. VIII, fig. 2). Va- 
rious methods are being tried with a view to exterminating this pest, 
but to-day there is still plenty of lantana. The cost of clearing a 
lantana thicket for cultivation is about $10 an acre. Lantana secretes 
nectar, but that is the only good thing which can be said for it. It 
was, of course, not introduced for its honey, but this experience 
should make the bee keepers cautious about what plants they bring 
in. The sages of California are now being tried, as well as various 
kinds of mangroves. 


WAX PRODUCTION. 


The price of honey fluctuates relatively much more than that of 
beeswax. On account of the fact that Hawaiian honey has been sell- 
ing for a low price and also because of the peculiar character of most 
of the honey, the bee keepers of the islands are desirous of converting 
their honey into wax, if it can be done, even at no great profit. The 
long shipment necessary to get their honey-to market means more or 
less loss by leakage and heavy freight. Wax does not lose anything 


Bul. 75, Pt. V, Bureau of Entomology, U. S. Dept. of Agriculture. PLATE X. 


Fic. 2.—A Hive SET UP IN CANS TO KEEP OuT 
ANTS. (ORIGINAL.) 
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in transit, and naturally also wax weighs much less than an amount 
of honey of equal money value, and the freight would be very much 
reduced. 

When the author arrived on the islands one of the first questions 
asked him was how to bring about a production of more wax and 
less or even practically no honey. After getting the available data, 
which were freely given, a method was suggested which promises to 
give some results, if we may judge by results obtained in some exper!- 
ments conducted in the short time which could be spent in Hawaii. 
Before outlining this proposed method it will be well to review the 
basis for the recommendations. 

It is a well-known fact among bee keepers that at the time a swarm 
is hived the activity of the inmates of the new home is at its height. 
The bees not only collect nectar with great vigor, but, there being no 
wax in the hive under natural conditions, the wax secreters become 
very active and in a marvelously short time the hive is supplied with 
combs. It is also true, of course, that wax is secreted at any time 
during the active season when it is necessary that more combs be built 
to accommodate brood or stores, provided, of course, that there is 
room. If a comb is removed from the center of the brood chamber 
or from the super, it is replaced as needed, but, as a rule, not so rap- 
idly. The rapidity of the honey flow influences this wax secretion 
greatly. 

The amount of honey consumed in the secretion of a pound of wax 
is a much-debated question among students of bees, the various esti- 
mates ranging all the way from 2 to 20 pounds. There seems to be 
little hope at present of arriving at anything definite on this question, 
and the author is strongly inclined to the belief that the reason for 
this great variation in estimates is due to the fact that the same 
amount of honey is not always needed to bring about a desired result. 
It would be bootless, therefore, to pay any attention to this phase 
of the question in trying to get a method of wax production. Syl- 
viac, in a series of articles in L’Apiculteur for 1901, offers evidence 
that the amount of honey consumed in secreting a pound of wax is 
least following swarming, and this quite coincides with the fact that 
wax building is most rapid at that time. 

In dealing with wax secretion on a commercial basis, data must be 
drawn from the receipts per colony under different methods of man- 
agement, The actual consumption of honey becomes of minor im- 
portance. It was learned that the average annual return per colony, 
after deducting freight charges, leakage, and other expenses incurred 
after the honey leaves the apiary, would not exceed $2.50. The hives 
are on an average two stories high during the entire year and, during 
the height of the honey flow, are often higher. All figuring was 


56 MISCELLANEOUS PAPERS ON APICULTURE. 


done on a basis of two-story colonies. The wax in such a hive 
weighs over 6 pounds,’ averaging in value $1.80, Hawaiian wax being 
of ae finest quality. 

As additional data, it was learned that it is possible to increase the 
number of colonies very rapidly. In one remarkable case reported, 
20 colonies were increased to 420 in eight months. This fact shows 
that a colony of bees can build up very rapidly under the conditions 
existing on the islands. It must also be remembered that in cane sec- 
tions there is practically no stopping of the honey flow. 

In view of all these facts it was obvious that if the wax be taken 
from each colony it will form a good beginning in the annual return 
from a colony. If, then, the colony is in as good shape in a year’s 
time as it was when the wax was removed, there will be honey enough 
stored to make the annual money return higher than if the colony had 
been run for honey alone. 

The method recommended is to shake the colony onto starters of 
foundation. The brood is placed over another colony to develop so 
that it may not be lost; the honey is to be extracted. By dividing the 
apiary into two parts, one-half may be shaken and the brood piled on 
the other half. These in turn may be shaken in three weeks or 
more and their brood added to the colonies shaken at first. This 
manipulation is identical with the shaking in treating for bee dis- 
ease. Similar methods are often employed in honey producing to 
prevent swarming and to cause bees to work in the supers. In the 
present instance, however, there is an entirely different reason for 
the practice. 

In the trial made with a view to wax production, a surprising 
showing was made, and it seemed obvious that the operation could 
be repeated in not more than three months’ time, and probably less. 
If this be true, then there will be removed $1.80 worth of wax or more 
at each shaking, which means a considerable gain. 

No positive statements of results can be made until the method has 
stood trial for a time. If this plan serves the purpose in Hawaii, it 
will also be valuable in other regions where there is a heavy honey 
flow for a long time. 


DISEASE SURVEY. 


The bee keepers of the islands were very anxious to learn whether 
or not they had any brood disease among their bees. They were quite 
certain that there was none, but desired this opinion to be confirmed. 
For this reason the apiaries visited were carefully examined by the 
author and absolutely no trace of any known infectious disease was 


@ Since this was written the writer has received a report, dated May 19, 1908, 
on this series of experiments, showing that 8.88 pounds were extracted from 
20 frames, this being the actual average in an apiary of 120 colonies, 
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found. In view of the fact that a brood disease would spread rapidly. 
in that climate, the bee men may consider themselves extremely fortu- 
nate. 

Some time ago Mr. D. L. Van Dine sent to the Bureau of Ento- 
mology a sample of brood which had died, and it was reported that 
there had been considerable loss on this account. There was no indi- 
cation of any infectious disease in the sample, and before another sam- 
ple could be obtained the trouble had disappeared. Of this trouble 
Mr. Van. Dine wrote, under date of April 27, 1906: 


About the 1st of January it began and appeared simultaneously in several of 
the apiaries of the Honey Company. In the majority of cases [of hives 
having this trouble] from one-half to three-fourths of the brood died when the 
larve were nearly full grown or after transforming to the pups. The sunken 
eaps and black color resembled the descriptions of foul brood, but there was no 
odor or other symptoms. Many of the pupe showed signs of life after turning 
nearly black and some adults emerged beforedying * * *. Asa precaution the 
bees were fed medicated sirup, but I am of the opinion that the trouble is not an 
infectious disease, but due to improper food. When the algarroba, our principal 
honey tree, had ceased to flower the main source of pollen was gone, but the bees 
could still get an abundance of honey from the sugar cane. The bee bread was 
scanty, very dark in color, and rather hard. I have not been able to trace out 
where they got it. Probably from various weeds * * *. The algarroba is 
coming in flower again and it is a fact that the trouble is fast disappearing, 
and I am inclined to believe that it was due to the food conditions I men- 


moneg..* * *, 
On the island of Kauai the same trouble appeared at the same time as on this 


island and the conditions are exactly the same. On the island of Molokai the 
trouble did not occur and there they have no sugar cane and when the honey 
plants failed the queens ceased to lay and no outbreak of the disease occurred. 


Under date of June 5, 1906, he wrote: 


For a time after the bees began to bring in pollen in abundance the trouble 
seemed to disappear, but just now in certain colonies it is as serious as ever. 
This seems to contradict the idea that the trouble is due to food conditions. 


While the author was on the islands only one case was seen which 
resembled what was described in 1906. This was in an apiary on the 
island of Kauai. The dead larve in no way resembled those which 
die of American foul brood or European foul brood. There is no in- 
dication that the trouble is contagious, and the dead larvee resembled 
certain phases of what is generally called “ pickle brood.” 

The bee keepers are anxious that no disease be allowed to enter their 
territory, and at the request of the Hawaiian Bee Keepers’ Associa- 
tion the author drew up a letter of recommendation which is here 
given: 

For the information of your association in formulating proposed regulations 
relative to the establishment of an effective quarantine against the various dis- 
eases of the bee, I take pleasure in presenting the following statements as my 
opinion concerning the questions involved. 

78013°—Bull. 75—11 


a) 
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1. The nature of the discases.—There are now recognized two diseases, viru- 
lent and contagious in their character, which attack the brood of the bee. 
These are known as American foul brood and European foul brood. It is defi- 
nitely known that American foul brood is caused by a bacterium, Bacillus 
larve, and from the symptoms and behavior of European foul brood it is almost 
certain that the latter disease is likewise caused by a micro-organism., There 
are other diseases recognized by bee keepers, but it is not known that they are 
infectious. 

2. Methods of spread.—It is known that both diseases mentioned (European 
foul brood and American foul brood) are transmitted in the following man- 
ners: 

(a) By bees from healthy colonies robbing the hives of diseased colonies. 

(b) By the bee keeper feeding honey from diseased colonies, as in the case 
of feeding for winter stores in the colder parts of the mainland. 

(c) By the accidental feeding of honey from diseased colonies, which has 
been extracted and sold in bottles or other containers. (This applies to partly 
empty honey bottles or cans which may be thrown out carelessly where bees can 
gain access to them.) 

(d) By the introduction of queens taken from apiaries in which disease is 
present and which are shipped in cages stocked with candy made from infected 
honey. 

It will be obvious from the local conditions that (0b) does not apply to the 
Hawaiian Islands. It is doubtless true also that (@) does not apply. I can not 
say positively that neither disease is present in the Territory, but it is almost 
certain that they are not. . 

Means of preventing the introduction of disease to the Hawaiian Islands.—As 
an immediate action, it is desirable that all queens which are shipped to the 
Territory be removed from the cages in which they arrive and be introduced to 
colonies from a clean cage containing candy made from honey free from disease 
organisms. This precaution, which is a very simple operation, will be a very 
good assurance that disease will not be brought to your islands with imported 
queens. 

It is desirable that as soon as possible a quarantine apiary be established, to 
which all imported queens shall be introduced, After two months’ time, if the 
colonies to which the queens are introduced are free from disease, the queens 
may be sent to the owner with perfect safety. 

It is above all desirable that no honey of any kind shall be shipped to your 
islands unless it comes from healthy colonies and is accompanied by a certifi- 
cate of a qualified inspector of apiaries that such is the case. This precaution 
is of much more importance than those against infection through importation of 
queens. The bee keeper who imports queens would probably soon recognize 
disease if it appeared in a colony containing a choice imported queen, but if 
disease is brought in with honey it might gain a strong foothold before its dis- 
covery. This provision will not constitute a prohibition of the importation of 
honey, since on the mainland there are now about 55 qualified apiarian 
inspectors. 


On September 2, 1908, the Board of Commissioners of Agriculture 
and Forestry of the Territory of Hawaii passed regulations pertain- 
ing to the importation and inspection of honey bees and honey, which 
placed restrictions on such importations for the purpose of prevent- 
ing the introduction of contagious diseases, 


Tes ela, 6. 1). bul. 75, Part V1. A., January 25, 1909. 
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THE STATUS OF APICULTURE IN THE UNITED STATES. 


By E. F. Paitires, Ph. D., 
In Charge of Apiculture. 


INTRODUCTION. 


Few persons realize the magnitude, importance, and possibilities 
of the present bee-keeping industry in the United States. Those 
who are conversant with the pursuit, and even those who are exten- 
sively engaged in it, generally fail to comprehend what an important 


_ factor in the agriculture of the country apiculture is as a whole, or 


how much the honey bee, by collecting nectar and storing it to 
produce a commercial product, is instrumental in saving our resources. 
Although the total value of bee products is small as compared with 
the value of the products of many other branches of agriculture, it 
nevertheless has an importance which should not be overlooked. 
The object of this paper is to review the present status of the industry 
with a view to pointing out where we may look for advancement. 

Few rural pursuits have made greater progress during the past 
half century than has this one. Before that time the bees of this 
country were kept in box hives, and as a result the annual average 
crop of honey per colony was small. In addition to this handicap in 
not being able to manipulate the bees as was needed, bee keepers 
generally lacked a knowledge of the methods of caring for them. With 
the invention of movable-frame hives by Langstroth in 1851 it became 
possible to care for bees properly and to manipulate in such a way 
as to get the best crop. As the use of this type of hive and of the 
honey extractor became general, bee keepers have become better 
educated in modern methods of manipulation, and the industry has 
advanced from a negligible quantity to its present important place 
in agriculture. 

In the vast majority of cases bee keeping is not the principal occu- 
pation, but is carried on in conjunction with some other business. 
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According to the census of 1900 the average number of colonies on 
farms reporting them was 5.8106, valued at $14.40—a very small 
investment. In some recent work of this Bureau” it has been 
found that in the State of Massachusetts the average number of 
colonies reported was 5.5 per bee keeper. ‘This last figure should not 
be taken as an index to the condition in the whole country, for as 
one goes farther west the holdings are found to be larger. In Cali- 
fornia, for example, while there are some small apiaries, the majority 
are quite large, and the average is several times that of Massachusetts. 
The number taken from the census can scarcely be accepted as 
correct. 

The number of men who rely solely on the production of honey 
and wax for a livelihood is rather small, and most of the extensive 
producers of the West carry on some other business, at least for the 
part of the year when the bees are less active. The reason for this 
is found in the nature of the industry. Any location is limited as to 
the number of colonies of bees which it will support, and in con- 
sequence a bee keeper must either carry on some other business or 
establish numerous outapiaries to enable him to keep bees enough 
to make it an occupation which will support him. Since the estab- 
lishment of outapiaries is attended with certain disadvantages, it 
usually follows that bee keeping becomes a minor part of a man’s 
occupation or even a side line. 

Then, too, bee keeping is taken up by many as a recreation or a 
subject of nature study. Such persons do not wish to make it their 
sole or main occupation. Many farmers also keep a few colonies of 
bees and add to their income to some extent in that way. It is 
obvious that bee keeping must continue to be an ayocation in the 
majority of cases. 

This brings up for consideration a question which has been much 
discussed by those interested in bringing about an advance in the 
industry: Shall an attempt be made to increase the number of bee 
keepers, or to make better ones of, a smaller number? Bee keepers 
who follow the pursuit on a commercial scale are usually anxious 
that there be no increase in the number engaged in the business, 
but rather a decrease, with an accompanying advance in the pro- 
ficiency of those so engaged. This desire is not wholly selfish, for 
unless the increase is directly in the territory of the individual his crop 
is not affected. 

It frequently happens that a local market is ruined, temporarily 
at least, by some uninformed bee keeper who keeps a few colonies 
and sells a poor grade of honey for a ridiculously low price, thus 


a@Gates, Burton N.—Bee Keeping in Massachusetts. Bulletin No. 75, Part VII, 
Bureau of Entomology, U.S. Dept. of Agriculture. (In preparation.) 
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making it almost impossible for the up-to-date bee keeper to sell 
his honey for what it is worth in the same community. This con- 
dition of affairs would not occur were it not for the fact that, for 
table use at least, honey does not rank as a necessity, and the usual 
causes for changes in market price do not operate so completely as 
is the case with other commodities. 

The main objection to numerous small bee keepers, rather than 
fewer and more expert ones deeply engaged in the industry, is, that 
when the larger number is interested it can not be hoped that all will 
become proficient. Under normal circumstances this matters little, 
since anyone has a right to neglect his bees if he so desires, but when 
some contagious disease is present in a region this becomes a serious 
matter. The expert bee keeper can not hope to rid his bees of dis- 
ease if there are a great many unqualified bee keepers in his neighbor- 
hood. Under such a circumstance—which unfortunately is becom- 
ing quite general in this country—the negligent bee keeper keeps 
property which, if diseased, constitutes a nuisance, and is a constant 
menace to the progressive man, for it is impossible to tell when 
neglected colonies may become infected. 

If progress is to be made toward getting the largest possible honey 
crop from the United States, it will hardly be done by making bee 
keepers who own an average of 5 colonies. It must be done by pro- 
eressive bee keepers financially interested to an extent sufficient to 
compel them to combat disease and to do their utmost to get the 
entire crop. We may not hope to attain this ultimate condition, 
but an effort might be made to discourage negligent and indifferent 
bee keeping. 

In spite of the fact that bee keeping is the sole occupation of but 
few, it nevertheless commands attention in that it adds considerably 
to the resources of the country and increases the income of thousands 
of people. The possibilities for its increase are great, and the ad- 
vancement of this vocation is a worthy object as aiming to save for 
human use a resource which is now so generally wasted. 


SCOPE OF THE INDUSTRY. 


It is very difficult to estimate accurately the annual value of the 
products of the apiary, but from various sources of information it is 
reasonable to suppose that the value of the honey produced annually 
in the United States is on the average about $20,000,000 and of wax 
about $2,000,000. Since the honey harvest depends so completely 
on various climatic conditions affecting the secretion of nectar, it is 
obvious that there is an enormous variation in the annual yield. 

As nearly as can be learned, the number of sections for comb honey 
manufactured annually by supply dealers is between 60,000,000 and 
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75,000,000, and that may be considered as a fair estimate of the aver- 
age number of pounds of comb honey produced in the United States, 
since relatively few sections are exported. Extracted honey is pro- 
duced more extensively, and it is safe to say that the annual crop is 
three or four times that of comb honey. Taking into consideration 
also the chunk honey sold and the honey not marketed but used in 
home consumption, the estimate of $20,000,000 is none too high. 

It may be of interest to compare the data of various years given 
by the census. Table I gives the amount of honey and wax, with the 
ratio between them. It is very interesting to note a reported in- 
crease in the ratio of honey to wax produced as the use of the honey 
extractor has become more general. 


TaBLE I.—Production of honey and wax in the United States, 1840-1900. 


Ratio of 
Census of— Honey. Wax. honey to 
. wax. 
Pounds. Pounds 
TSAO) cece is cate tel Ce merece cere 628.303") |- 5-5 -- ee 
Ifs5\ (| see ee ee cect ee C14) 8935, (90 | Socce ee eee a eee ee ee 
SO OE ee as et 3 yn aceon 23, 366, 357 1, 322, 787 17. 7:1 
USO oe & eykeae PS ees 14, 702, 815 631, 129 Dae! 
TSS Oe ayy as aan aes Rae 25, 742, 308 1, 105, 689 23. 3:1 
Ao 18) OEP Se emer tare, ds ie 63, 897, 327 1, 166, 588 54. 8:1 
LODD Sees ee ee 61, 196, 160 1, 765, 315 34. 7:1 


a Beeswax and honey. 


The last census, that of 1900, recording crop data for 1899, gives the 
following: 


Total number of farms reported im census... 222 5a e ee 5, 739, 657 
Number of fatms reportine bees: =. 2 2 =eses sea ee ie a 707, 261 
Percentage.01 total 332223 0. aoe eee ee Sere eae 12.3 
Number of colonies, Sunes O00 se oe ee 4, 109, 626 
Average number per farm reporting bees............-..-------.--- 5. 8106 
Wale of DOGS si). oo ee es Uae SEE C. Ute ieee cee ee $10, 186, 513 
Pounds‘ of honey-in 18997. ss. 220. eek eS 28 ee ee 61, 196, 160 
Pounds, of wax: 10: W899i ee bee es 1, 765, 31 
Value of honey and wax im 1899202). 5. 39 a ee $6, 664, 904 
Number of farms of white farmers reporting bees.....-.....------- 677, 985 
Percentage of alll farms of white farmers?2.5° 4.250. .-2 oles 13. 6 
Number of farms of colored farmers reporting bees.--..-.-..-..-.---- 29, 276 
Percentage of all farms of colored farmers.........-..--.---------- 3.8 
Average crop per farm reporting bees: 

HOMO Y usc oe ce Li ee ope ae ee ee ee pounds 86.5 

Wak foo occ 5 Fis a cv Rhee eee Oe Ee ee ne doiz22 2.5 
Average value of honey and wax per farm reporting bees... .-.-.-.--- $9. 42 
Average value of bees per farm reporting .....-....--.----------- $14. 40 
Average: value of bees per colomy.t. 355254254 ee ee $2. 48 
Average pounds of honey pericolomy. 2-22. 3-4. ase se ee eee 14.9 
Average:pounds,of wax. per colomye¢ =. ieee ee eee . 43 


Average value of honey and wax per colony.........-..--.-.------ $1. 62 
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Tables IT and III give additional data on distribution. 


Tasie II.—Number and value of swarms! of bees, June 1, 1900, on farms and ranges, by 
geographic divisions. 


Warns | Per cent ‘ 
sF disvisi Number of} yanort. | °f farms | Swarms Value of 
Geographic division. farms. Bs! gel report- of bees. bees. 
ing bees. ing bees. 
The United States ....: See aeere et one 5, 739,657 | 707, 261 12.3 | 4,109,626} $10, 186,513 
USP DTRULEY JA UIE O18 (See one fet a 677, 506 64, 110 9.5 413,709 | 1,370,732 
PSU MPO RDN Cis eset seco Sec clsoe hc je awe Liens wan elm dni 962,225 | 151, 863 15.8 854, 909 1, 664, 636 
North Central....... BR oe errr sho aes oe 2,196,567 | 233, 721 10.6 | 1,187, 856 3,505, 675 
SUCTUR Tal COIL Sa -...-| 1,658,166 | 225, 100 13.6 | 1,289, 384 2,513, 397 
VW SSSR. 03) SO oe rte 242, 908 32, 421 13.3 362, 381 1,123, 647 
JM GS Vea) Cnn [C0 ar 2, 285 46 2.0 1, 387 8, 426 


1 The word ‘‘swarms”’ used in census reports evidently should be ‘‘colonies.”’ 


TaBLE III.—Pounds and value of honey and wax produced on farms and ranges in 1899, 
with averages per farm reporting, by geographic divisions. 


Value of honey and 


Honey. Wax. = 
Geographic division. 
Average ; Average Average 
Total per farm. Total. per farm. Total per farm. 
Pounds. Pounds. Pounds. Pounds. 

The United States...... ree a 2 61, 196, 160 86.5 Tl 7dotays coat (59 2.5 | $6, 664, 904 $9. 42 
MurieAtlantic..................-... 6,855,027 | 106.9] 182,819 2.9| 801,147 12. 50 
SW i GG nO eee 9, 468, 843 62. 4 379, 192 205 1, 029, 233 6.7 
LSoailai Cent has | eee 20, 055, 502 85.8 396, 604 1.7 | 2,358, 001 10. 07 
Slovo) (Cie c) isi Lee 14, 849, 824 66. 0 588, 960 226 1,553, 141 6. 90 
WV SSi@iia! 55 a ee 9, 870, 094 304. 4 216, 020 6.7 920, 089 28. 38 
Mlaskaand lawail... 22-202. ese ens 96, 870 2,105.9 1,720 37.4 8, 293 180. 28 


Taking the number of farms keeping bees as the basis, the five most important 
bee-keeping States, June 1, 1900, were Texas, with 60,043 farms reporting; Kentucky, 
with 44,974; Missouri, with 41,145; North Carolina, with 41,051; and Tennessee, with 
ao ,22); 

Taking the number of swarms, or colonies, of bees as the basis, the five leading 
States were Texas, with 392,644; North Carolina, 244,539; Tennessee, 225,788; Alabama, 
205,369; and Missouri, 205,110. Of the States included in the series given first, Texas, 
Missouri, Tennessee, and North Carolina are found in the second. 

Taking the value of the bees as the basis of classification, the five leading States 
were Texas, with $749,483; New York, $593,784; Pennsylvania, $531,578; Kentucky, 
$527,098; and Missouri, $508,217. 

The five greatest producers of honey in 1899 were Texas, with 4,780,204 pounds; 
California, 3,667,738; New York, 3,422,497; Missouri, 3,018,929; and Illinois, 2,961,080. 
California, which has not been included in any of the preceding classifications, here 
stands second. 

Of the States producing wax, Alabama led with 162,020 pounds; Texas was second, 
with 159,690; North Carolina third, with 135,920; California fourth, with 115,330; 
and New York fifth, with 84,075. 


6 Twelfth Census of the United States, 1900, Vol. V, Agriculture, Part I, pp. 
CCXXXili-CCXxXXiv. 
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It will be noticed that the data on honey and wax crops do not at 
all agree with the author’s estimate given above. In the light of the 
evidence previously given, it is obvious that the census figures are 
entirely too small and are far from doing justice to the industry. 
The other data are probably much more reliable. It is hardly a fair 
test to compare 1900 data as to the number of bee keepers with those 
of 1906, but it should be noted that in the recent work of the Bureau 
in Massachusetts “ there were reported 2,127 bee keepers as compared 
with 1,799, the number given in the census. 


IMPORTS AND EXPORTS. 


Tables IV to VII show the imports and exports of honey and wax 
through the ports of entry of the United States. The data for these 
tables were obtained through the courtesy of the Bureau of Statistics 
of this Department.? 


@ Gates, Burton N.—Bee Keeping in Massachusetts. Bulletin No. 75, Part VII, 
Bureau of Entomology, U. 8. Dept. of Agriculture. (In preparation.) 

6 Tariff schedules on honey and wax under the different acts of Congress subsequent 
to 1841 are as follows: 


Acts of—. Tariff on honey. Tariff on wax. 

AAUISUST OO ISA2 eee <2) een eos Ser Ee Not specifically mentioned ..| 15 per cent ad valorem. 
aiualivi 30) SAG ae reece pete oe = 22 a ee 30 per cent ad valorem...._- 20 per cent ad valorem. 
Marchi5 SSS (ee Racin cases oss. ce eee Cees 24 per cent ad valorem.....- 15 per cent ad valorem. 
Manchie2 8 61) isti ae eis cy, Seve ter verry eee Not specifically mentioned .-.| 10 per cent ad valorem. 
Dilys CI SGOQHR RAs pee eee eee ee 15 cents per gallon. ........ 20 per cent ad valorem. 
MUTT SO) SG Ae oe ees ee NS rs Se Se eae Rea 20 cents per gallon..........- Not specifically mentioned. 
Marc rg al SS Sue er tres cstnets oc nes meet eee ee 20 cents per gallon.........-- 20 per cent ad valorem. 
October So0s-- reel eG ieee eae 20 cents per gallon. ........ Free. 

WANIOUS G22 CU SOA coy eG alee ek eg als 10 cents per gallon........... Free. 


AAV G24, MSO ateae Se eas Ea Bee ey eae 20 cents per gallon .........- Free. 
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Taste [V.—Imports of honey into the United States, 1901-1908, by countries from 
which consigned. 
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Cuba. Mexico. 
Year ending Percentage | | Percentage 
June 30— aes a of total ee of total 
Pounds.¢ | Value. | POC PYT| imports | Pounds. | Value.b | Pe’ MT) imports 
in cents. | from all in cents. | {rom all 
* | countries. * | countries. 
U0 ee ae 809,784 | $31,591 3.9 37.0 727,728 | $25,659 3.5 33.3 
112 (02 eae aes 131, 736 5,807 4.4 6.6 1,361,052 33,269 2.4 67.8 
Pies) ae 1,565, 088 64, 867 4.1 45.3 1,166, 796 31,697 yn 33.8 
Djlin er 1,296,912 42,597 3.3 52.4 652, 404 12,345 1.9 26.3 
i052 eae 1,575, 768 57,918 3.7 66.1 516, 804 10,477 ZA) DAL, 
LUO ene 756,312 26,239 3.0 45.6 724, 488 18,107 2.5 43.7 
1 915,744 33,380 3.6 43.4 884,340 27,534 3-1 42.0 
HGNSS Noes. 1, 162,872 46, 726 4.0 45.7 1,045,944 37,926 3.6 41.1 
Santo Domingo. Haiti. 
Year ending ca | Percentage | | Rercentage 
June 30— ae aoe of total ee pe of total 
Pounds.« | Value.d | PHO’ "| imports , Pounds.a | Value.b | Pret P imports 
in cents, | {rom all in cents. | {rom all 
* | countries. * | countries. 
CO eee 327,876 | $13,091 4.0 15.0 146, 256 $5, 086 She 6.7 
LY ee 160, 440 , 853 3.0 8.0 35,184 173 3.3 Med) 
iS eee 198, 204 4,897 205 5.8 255, 588 5,013 2.0 7.4 
ie ee 373,212 8,982 2.4 15.1 58, 476 tie 252, 2.4 
i ae 162, 792 4,063 2.5 6.8 44,052 779 1.8 1.9 
Po VE ss 27,840 820 2.9 Ved 81, 444 1,703 21 4.9 
Whee eS oo ol, 212 746 2.4 iPS 188,640 | 4,849 2.6 8.9 
Seer = acre 49,068 1,376 2.8 1.9 106,116 | 2,870 2:7 4.2 
All other countries. Total 
Year ending June 30— Average | Percentage Average 
Pounds.c | Value.b | PUCe PET! imports | Pounds.a | Value.b | Price per 
_ pound from all _pound 
in cents. cauntries: in cents. 
A 6 atae 174,708 $8,172 4.7 8.0 | 2,186,352 | $83,599 3.8 
INR Ae eee 319,200 11,281 3.9 15.9 | 2,007,612 56,383 2.8 
LIES ae ee 266,676 8,926 3.3 Gnd |) 135402. 302 115, 400 3.3 
LIN 22S 94,500 3,856 4.1 3.8 | 2,475,504 69, 053 2.8 
HH oo ee 83, 988 3, 482 4.1 3.5 | 2,383,404 76,719 3.2 
LE QoS 356 68, 568 3, 782 5.5 4.1 1,658, 652 50,651 3.1 
USUI) 2 SE Gy. | 23 eee 88, 068 4,345 4.9 4.2 | 2,108,064 70, 854 3.4 
Li. ae 179,904 9,527 5.3 7.1 | 2,543,904 98, 425 3.9 


a Custom-house returns of honey are given in gallons, assumed here to weigh 12 pounds. 
b Imports of honey into the United States are subject to a specific duty. 


Values.—The values of all imported articles, whether subject to ad valorem or specific duties or free 
of duty, are regulated by the act of Congress of June 10, 1890. 

The actual market value or wholesale price of such merchandise as bought and sold in usual wholesale 
quantities at the time of exportation to the United States in the principal markets of the country from 
whence imported, and in the condition in which such merchandise is there bought for exportation to the 
United States or consigned to the United States for sale, including the value of all cartons, cases, crates, 
boxes, sacks, and coverings of any kind, and all other costs, charges, and expenses incident to placing the 
merchandise in condition ready for shipment to the United States. 

Valuation deceptions —The value of imported articles subject to ad valorem duties is believed to be 
determined with more accuracy, according to the legal method of valuation, than other imports, with 
specific duties or free, and exported articles; the valuation of dutiable imports and of exports dutiable in 
foreign countries tend to understatement, and the valuations of imports that are free of duty are often 
inflated for the purpose of trade deception. 
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Taste V.—Imports of beeswax into the United States, 1901-1908, by countries from 
which consigned. 


Cuba. Mexico. 
Year ending on | Percentage | Percentage 
June 30— sil ae .| _ of total Average | "of total” 
Pounds. | Value.a | P ; te a imports Pounds. | Value.a pee oe | imports 
is conta: | Son all | ep eonts, | tom. all 
“| countries. rei ha | countries. 
OOM Ris arch: 110,778 | $28,539 25.8 51.8 13, 446 $3, 080 22.9 6.3 
I Ope ee oe 157, 839 44,364 28. 1 38. 6 23, 366 5,070 23 5.7 
OOS se oe anita 147,917 42,357 28.6 30.3 162,332 36,476 22.5 33.2 
LIU sae 98, 455 28, 682 29.1 20.1 167, 843 45,673 27.2 39.5 
OOD SE ee sae er 79, 926 24,006 30. 0 21.4 87,943 | 23,265 26.5 23.0 
190GEE SSeS 158, 523 48,120 30. 4 27.0 46, 421 13, 485 29.0 io 
NOD Fess eis tee 331,942 93, 702 28. 2 36.2 47 , 262 15,417 32.6 Dee 
1908S sree ee! 264, 984 76,431 28. 8 39.5 41, 489 13,290 32.0 6.2 
Santo Domingo. Haiti 
Year ending Percentage | Percentage 
June 30— poe! See of total Ae of total 
Pounds. | Value.a | POC r"| imports | Pounds. | Value.a | PC | imports 
a pene from all inoue from all 
* | countries. * | countries. 
NO QI 2 ERee R eee 41,225 | $10,241 24.8 19.3 11, 286 $4,292 38. 0 fas 
ODD epee ee 73,364 21,118 28. 8 17.9 6,373 3,013 47.3 1.6 
QO) woeeen Ee 82,829 21,364 25.8 16.9 25,276 7,692 30. 4 2 
sO ee aee ae 80, 783 21,061 26.1 19. 0 38, 106 10,359 27.2 9.0 
19052 ee, eee 46, 816 11,193 23.9 P2555) 62,547 16, 047 25.0 16.8 
190G eae ee 34, 052 8,596 25, 2 5.8 Zest 7,326 26.8 4.6 
NG OWeeR Mey eee 67, 264 16,941 PAD? eres 48, 831 13, 555 27.8 5.3 
19OSH SS Jee 55,311 13, 085 PREY 8.2 58, 147 15,379 26. 4 8.6 
All other countries. Total. 
Year ending June 30— Average Boies: Average 
Pounds. | Value.a | PMC Pel! imports | Pounds. | Value.a | Puce per 
pound | from all _pound 
in cents. ennnee in cents. 
TKS) Ose pees ee PK RR 37, 038 $9, 732 26.3 WAS 213,773 | $55,884 26.1 
OOD yer We lgN ceemee Neen ce See 147,764 42,372 28.7 36. 2 408,706 | 115,937 28.4 
MODS Sires cece Ne Getta 70, 222 19,331 2S 14.4 488,576 | 127,220 26.0 
LO QA EP ae eee A eoe ene 39,981 11, 103 27.8 9.4 425,168 | 116,878 iG 
OOD Ee Fa ei gee oer 96, 337 26,610 27.6 25.8 373,569 | 101,121 2d. 1 
AOOG east Sse cee 321,310 90, 487 28. 2 54.7 587,617 | 168,014 28.6 
1G) OAS a oa Rt are Aa et 421,789 125, 022 29.6 46.0 917,088 | 264,637 28.9 
ILS TO SERS Mtg = 2 a ae 251,595 76, 584 30. 4 | 37.5 | 671,526 | 194,769 29.0 
| 


a Imports of beeswax into the United States are free of duty. 


Values.—The values of all imported articles, whether subject to ad valorem or specifie duties or free of 
duty, are defined by the act of Congress of June 10, 1890, as— 

The actual market value or wholesale price of such merchandise as bought and sold in usual wholesale 
quantities at the time of exportation to the United States in the principal markets of the country from 
whence imported, and in the condition in which such merchandise is there bought for exportation to the 
United States or consigned to the United States for sale, including the value of all cartons, cases, crates, 
boxes, sacks, and coverings of any kind, and all other costs, charges, and expenses incident to placing the 
merchandise in condition ready for shipment to the United States. 

Valuation deceptions.—The value of imported articles subject to ad valorem duties is believed to be 
determined with more accuracy, according to the legal method of valuation, than the value of imports 
with specific duties or free of duty, or the value of exported articles; the valuations of dutiable imports 
and of exports dutiable in foreign countries tend to understatement, and the valuations of imports that 
are free of duty are liable to inflation for the purpose of trade deception. 
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Taste VI.—Imports and exports of honey of the United States, 1855-1908. 


[The terms “Comb” and “Extracted’’ honey used in these headings are used in place of ‘‘U nstrained’’ 
and ‘‘Strained’’ honey in the reports of the Department of Commerce and Labor.]} 


Year ending June 30— 


a Only values are given in reports. 


Imports. Exports.@ 

, Average Both comb 

Pounds. Value. price, in Comb Extracted.| and ex- 

cents tracted. 
5,245,908 | $138,189. EM cee Ge Rea iee ck oe CMB oa 
5, 142, 482 | 169, 643 SA SOR eae ee be. |. 5.cid pees ee alk ee heh ae 
4, 975, 908 | 202, 436 ARO SG |e cla ks oh SD oly te 
4,790, 388 , 149, 915 SST CEN Cet Sean eee ee) | oe ey ae Be 
5, 448, 372 | 196, 751 BING) IV Ertl ke cael RSE IE eae Le Smetana 8 
4, 626, 420 | 163, 027 Shi Pir ee = Aneel eee ee geal (Aes en, oa 3 
30, 229,328 | 1,019,961 ras Se (el [aa RE (iy eR age NE ce OR 
3, 970, 320 146, 464 Oe aR nee ere Poem | ete, No a ee a eee 
4, 311, 960 195, 485 ANE yl eee ae ell ee ee Eel aes STE oe 
3, 394, 896 158. 852 AP OSM note cee calms ed noe e al cen eee eee 
3, 461, 832 162, 071 ANG Be | etcpset nee Rate least Saal he eee 
1, 899, 072 87, 954 fs 0} (Bases tected ioe Re Seeker ees, ee 
3, 332, 724 135, 253 AM (VG Te ety Shae ere hee em She ee 
2,614, 824 128, 537 AON Ree state mas oo aes eee 
2,546, 112 ii gene AC Se RRP ed 9 eal eee a eae Paneer 
Pe oe ne WipAUDM | seaose ken SUMO Ny | hes 2 ee SS lh CL ge ee 
See te eee ae OHADOw oko he kee. Spo2Oelg Sr Ss ate ee Mee eee 
Ny Aan ibs oe = 1 SAAS Ta (Stay 1a | ie ela ely Wy cee a an |S a et (Ee Ro 
<5 eS) ae Eyota ce(2)] hal uence katara DRT: Wh Ssakyen ccc oe || ee ee 
ee be oleae SOSO14S eS eee ee 2, 677 $28, 168 $30, 845 
Lo a EAS TACROD See Seaoe mE [is croton ihe pnl Sav ae, Sk A Us eA 2 eee 
teeta bee SBI), | eee near 714 57, 895 58, 609 
Pe A OAL AY NOGRSES) | Fe seae teen: 3, 586 29, 563 33, 149 
ee ee WONOS aR Pease ee oo 2, 534 26, 079 28, 613 
a eee (HOMO5) | aos soa eee 36, 302 54, 663 90, 965 
1, 403, 724 67,111 4.78 6, 212 24, 638 30, 850 
1, 005, 984 48, 169 4.79 134, 728 27, 958 162, 686 
1, 293, 360 59, 806 4. 63 26, 820 28, 439 55, 259 
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797, 184 27,599 BAGH ec ee eel es eR ee 22, 368 
1, 159, 248 38, 158 Re a Seat ae el ae en a 8 98, 504 
1,514, 604 51, 599 SC Lol. SNS ars oS OS ee ee eS 55, 900 
1, 762, 320 70, 857 Oa Ae weer ees | ee sa ee ee 30, 191 
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TaBLE VII.—Imports and exports of beeswax into the United States, 1851-1908. 


Year ending June 30— 


Imports. 
Average 
Pounds. Value. price, in Pounds. 
cents. 

v5 bee AS a Re Seo ete eee ee b 415, 923 | 
ays is Sees aE EE es | eee es b 326, 368 
ba ioiee eoa | SE a tS ee gee eee b 376, 693 
ee ete) ee es pe ale ae oe SNL a b 327, 554 
dha cients ae: | eos Ie eos | eee eee b 257, 415 
2g Se ge P| Rees Clas et gel | aes cl b 270, 320 
2s seh 2 Sei ae | ee yaa te Sr | ee b 315, 378 
sot od ee Pe ati: oka eee eee b 366, 246 
Seite aes ee. Bra oe ly 5 tae Un es ee b 290, 374 
Rese eee tetera eee eee b 362, 474 
a Sean: eee eee eee eee b 3, 308, 745 
ee ers ek Os RRO NE, 8 cl re ee b 270, 425 
a (ey pre Se MB b 142, 312 
eee oneoe nee ie |e ee Dann mb b 258, 901 
@ 54, 087 a $13, 667 425.3 b 341, 458 
20, 899 6, 414 30. 7 b 338, 776 
a 23, 900 @ 10, 420 a 43.6 b 272, 987 
25, 617 5, 450 Zines b 253, 065 
ea eae ee Es HS OU) ees eames Ales Orsi ays fate V7/ 
2 sh SERS aha Cheers ipeer mene || DALES 
Senet LN ae GG RSIiale se pen lobo moe 
ay eae Oe @20,196 |i a es 2 s|) 8 a46 A474 
be Sn ea ee 14 O61 Sse ecesee el | DS TATARG 
el rents Seen OM No ae oaeeee ose Wat Ged: 
pie see NGPA) |e S ee coe soel) Osu, 42s 
eA ee ther ae T4N668)|22 2-2 eee als SODTREGIO 
pe pees be ale G16 844" ae oa OO 7a aol 
Fea aec PBESO2 ace Ske eee eG) SOG G i 
see ee CN OESOIE esse. ees 168, 745 
Me, Ser es aL CHP AO ee soe ee 193, 217 
See BABS 2433 |S eee eee oO OO Oe: 
Bae ene GUD TB BY lew, oa aeeiae oe 164, 090 
a ca oe ae eis NT ea UOf e o oe ee Fao ae 124, 227 
168, 879 41, 681 24.7 59, 455 
48, 123 9, 323 19.4 51, 748 
91, 754 Zileri 23. il 30, 877 
26, 546 5,718 ZS 136, 179 
10, 843 2, 371 21.9 90, 350 
51, 702 9, 411 18.2 78, 070 
75, 951 11,773 1585 99, 917 
126, 319 20, 282 16.1 171, 391 
ee ee 133) 805A ese een oe O06; 304: 
379, 135 80, 485 milee 120, 548 
271, 068 65, 487 24.2 127, 470 
248, 000 62, 024 25. 0 77, 434 
318, 660 80, 024 25.1 469, 763 
288, 001 78, 776 27.4 309, 212 
273, 464 75, 970 27.8 222, 612 
174, 017 43, 339 24.9 195, 048 
272, 097 72, 473 26. 6 151, 094 
452, 016 109, 957 24.3 152, 494 
213, 813 51, 526 24.1 319, 379 
2, 890, 271 720, 061 24.9 | 2,145,054 
213, 773 55, 884 26.1 140, 276 
408, 706 115, 937 28.4 125, 283 
488, 576 127, 220 26.0 70, 811 
425, 168 116, 878 2D 55, 631 
373, 569 101, 121 Pari 85, 406 
587, 617 168, 014 28.6 101, 726 
917, 088 264, 637 28.9 117, 169 

671, 526 194, 769 29.0 


a Including manufactured wax. 


b Stated simply as ‘‘wax,’”’ and including wax of all kinds, as well as beeswax. 


Exports. 


b 


b 47, 383 
b 80, 899 
6170, 418 
b 261, 381 
b 130, 650 
b 96, 282 
b 255, 365 
189, 396 
b 137, 443 


b 1, 463, 712 


b 113,070 
b 126, 130 
b 118, 053 
b 113, 800 
b 96, 578 
b 69, 127 
b 84, 461 
595, 074 
45, 823 
48, 880 


910, 996 
40, 203 


32, 325 
17, 604 
16, 042 
9, 758 
36, 626 
24, 997 
20, 554 
23, 918 
19, 727 


241, 754 
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The following figures give additional evidence of the magnitude 
of the industry: 


ieermecpers associations (estimated)... 2.2.62... eee ec ee cee eee nee 100 
Sactusted im Ofice of Bureall ® (5235.62. Sei oo ese cee eee eee ee 86 
ime ce voted to bee:keeping 0... cc nce. ee eee oe wl ewe e te ce sent neee 3 
Breeders of queens actually recorded (not including duplicates) ............-- ¢ 164 
SET NOMA GUNA: es Pee se eee a ake Re ie ain ee wh oe Se Sale 146 
Se Tier dO Leite steer etm fee ie ey ae See ee ee Saw Selec eye 37 
oe Shy SUS ET EN GETS EEN as eS a gape a ck oa aa 35 
SeIuE MOO WQMIAMIGe es -kAM AOL. SSO CU. coc eka cle Doce es wae lobt ee ee ce 6 
a STEED STE TO] 71 E2110 06 Fg a SS 5 
oo) S28 CUTEST) oe eS eA Pepe irae ae eee ten ne nen 6 


In addition there are several large factories devoted either entirely 
or in large part to the manufacture of supplies for use in the apiary. 


VALUE OF THE HONEY BEE AS A POLLENIZING AGENT. 


The honey bee is of great value as a pollenizing agent, and in 
estimating the value of the industry in adding to the resources of 
the country this phase of the subject must be included. Other 
insects, of course, aid in this way, but the honey bee occupies a 
peculiar position in a consideration of this subject. 

Waite “ mentions a large number of species of insects which visit 
pear blossoms, but says: ‘‘The common honey bee is the most 
regular and important abundant visitor, and probably does more 
good than any other species.’’ Miller,? in his very comprehensive 
study of the fertilization of flowers, summarizes his results as shown 


in Table VIII. 


TaBLE VIII.—Fertilization of plants by insects.f 


In Low Germany. On the Alps generally. | Above the limit of trees. 

C=) 1 a3) tH 1 a 2 4 reey a 25) 5 

aa | ‘od | ga | aa | og | Ba | af | od | Ba 

8 no or AS) no oy ALIAS no oy 

oo +> ° om) +P ° ro) YP ° 

Dn aH uP on mH wr oan Dae wr 

Pees | Ser lad lkes | Ss | Ba | ee | Bs 

D) > Ao wm > Ai © am > ae 
em@eoprera.->....-..-..----. 129 469 8.96 83 337 5.90 33 134 4.82 
OUSUCM ARIE aise oasec ceo. cin DOO PL OOOM I TOOLoD 348 | 1,856 | 32.49 210 930 33. 46 
VAMIONOPUCKA......---.--..- 368 | 2,750 | 52.57 183 | 1,382] 24.20 88 519 18. 68 
(RGD) E3 So ee (205) (2,191)} 41.31 (120)} (1,141)} 20.00 (49) (402)} 14.46 
a eel jo SR See 79 365 6.98 220° || 2,122) 37.15 148 | 1,190 42.83 
rmer insects. .-..-...-.--.-- 14 49 94 | fi 15 26 3 6 21 

| | E 

uh GAB lege oaTel 8 | eg eee | ABD re he PRR es 


aSeveral of the State and county organizations are affiliated with the National Bee Keeper’s Asso- 
ciation. 

bGleanings in Bee Culture, Medina, Ohio, founded 1873. Bee-Keeper’s Review, Flint, Mich., founded 
1888. American Bee Journal, Chicago, Ill., founded 1861. 

¢The total number is probably twice this. 

dWaite, M. B., 1895.—The Pollination of Pear Flowers. Bulletin No. 5, Division of Vegetable 
Pathology, U.S. Dept. of Agriculture. 

€Miiller, H., 1883.—The Fertilization of Flowers, Trans. by Thompson, London 

f# From Miiller, pp. 596-597, 
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In Table VIII the entire family of the Apide is credited with 
41.31 per cent of the visits, but in the text Miller frequently refers 
to the fact that on some plants the honey bee far outnumbers all 
other insects. He speaks of the honey bees and the bumblebees of 
the genus Bombus as playing “by far the most important part in 
fertilizing our [German] indigenous flowers.’’ On the other hand, 
Britton and Viereck ¢ attempt to show that the honey bee is not so 
important as has generally been claimed by horticulturists and 
entomologists. They find that “honey bees were exceedingly scarce 
in comparison with other species of Hymenoptera—or in fact with 
other insects.” From collections made from flowers in 1904 at the 
experiment station at New Haven and in 1905 at Branford, Conn., 
the following records were made: 


oni Sal Wee | ee eae § |“) eagles 
a o 
seluglee|—s/e8/2e8| 8) =e | g | # | SB) ee) sk 
“a eH cl —_ a Q, i} S& ~ 
of |e |maa | Eels) as | & | a | | o |e eee 
Hymenoptera.....-- 46 28 15 5 PB 48) 8 32 17 22 8 13 = 
PN optshacnke) bbs) hence aes 3|( See ai eee OME e te Ae eal Bes 1 1 1 yerset oye 1 fi) ee eed le = a 
Dipterieee cee e es 19 27 7 8 16 2 eS 16 9 7 |. -c.2eo(S sees 
Coleoptera. 5-22-22 4 Pe eae th 2 5 A xe She 3 3 1 Seer a2 2 
Flemipteraecce seeeoe By ASP Ghee Ue San Slee, oye 2 | ree ea | ea | bn ee eee) fe 
Total number of 
specimens... .. 72 59 23 15 44 37 8 52 29 30 Sslooels 6 


It seems fair to assume that on account of their great numbers the small bees belong- 
ing to the Halictidze and the Andrenide are more important agents in carrying pollen 
than has been supposed, and in the vicinity of New Haven during the seasons of 
1904 and 1905 were of far greater benefit in pollinating the flowers of the plants from 
which they were collected than were the honey bees. 


Earlier in the paper they say: “It is not known to the writers 
that bees are kept in the immediate vicinity of the experiment sta- 
tion; there are several hives less than 2 miles away. Wild honey 
bees are probably not very abundant so near the city.” 

There are several facts which should be taken into consideration 
in connection with this paper—facts not mentioned by the authors. 
In the first place, comparatively few honey bees are kept in the part 
of Connecticut around New Haven. Furthermore, a scourge of bee 
disease is said to have decimated the bees of Connecticut some years 
ago, and doubtless this decreased the number of bees in a wild state 
as much as it is known to have done in the case of bees in hives. No 
disease is now recorded from the vicinity of New Haven, but it may 
still be there unreported, it being found in many parts a the cee 
Further, in the vicinity of cities, bees are generally less prevalen* 


@ Britton and Viereck, 1906.—Insects Collected from the Flowers of Fruit Trees and 
Plants. Fifth Report the Connecticut State Entomologist for the Year 1905, New 
Haven, Conn, 


at ei 


STATUS OF APICULTURE IN UNITED STATES. TL 


than in the country. The principal point which should be consid- 
ered, however, is that the winter of 1903-4, just before these counts 
were made, was exceedingly severe, and 75 per cent of the colonies 
of honey bees in New England are reported to have died. Honey 
bees do not hibernate, and long-protracted cold weather is detrimental 
to them. Taking these facts into consideration, it is not so strange 
that the honey bee played a minor part in pollinating the flowers in 
the cases investigated. 

While in the particular cases observed by these authors the honey 
bee was of little value as a pollenizer, the ease with which an enormous 
number of honey bees could be brought to the aid of the orchardist 
places this species in a class by itself. Estimating the population of 
a colony of bees as low as 10,000 in early spring, it may easily be seen 
how readily the orchardist may insure pollination by carrying a few 
colonies of bees to the orchard, provided of course that the weather is 
such that bees can fly while the trees are in bloom. Under adverse 
conditions in winter the other insects may be so decimated that they 
are few in number, but while honey bees may also be killed off in 
winter, there are means of protecting them, which is not the case — 
with the purely wild species. 

Fruit growers as a rule recognize the value of the honey bee to 
their industry. Taking into consideration the insurance of pollina- 
tion by transporting colonies of bees to the places where their services 
are needed, it is safe to say that the indirect benefit of the bee- 
keeping industry annually adds to the resources of the country 
considerably more than the amount received from the sale of honey 
and wax. 

PRESENT SOURCES OF LOSS. 


There are several sources of great loss to bee keepers which might 
be eliminated to a large extent by careful manipulation, but there is 
much work which must be done before bee keepers are able to over- 
come all these difficulties. Certain losses are expected regularly, and, 
while some do their utmost to overcome them, an annual loss must 
figure in their calculations. 

Swarming.—The average bee keeper loses many of the swarms 
which issue from his hives, and these escaping swarms may well be 
valued at a high figure. By careful manipulation and the use of large 


hives swarming may be largely controlled, but among the majority 


of bee keepers too little attention is given to this phase of the work 
and nothing is done until the swarm actually issues. In the produc- 
tion of comb honey smaller hives are generally used, and the control 
of swarming becomes more difficult. Itis doubtless true that swarms 
aggregating in value $1,000,000 are lost every year. This loss may 
be considerably reduced. 
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The greatest obstacle in the control of swarming is the fact that 
the activities bringing on swarming are so little understood. This 
phenomenon represents the bee’s natural method of increasing the 
number of colonies, and it may be attributed to instinct. This, 
however, does not explain what factors induce the bees to swarm or 
what their activities are previous to swarming. When the behavior 
of the bees before and during swarming is better understood, we may 
have greater hope of a method of control. 

Winter losses.—The losses in winter are considerable, due largely 
to starvation, dampness, too long a time without a cleansing flight, 
or extreme cold weather. By wintering bees in cellars in the North 
this loss may be considerably reduced, but while much has been 
written on this subject the general loss to northern bee keepers is 
probably at least 10 per cent every winter. An even temperature of 
about 45° F. and a dry atmosphere are considered best, and the best 
method of obtaining these conditions is an individual problem. 

Where bee keepers do not pay any attention to the selection of 
their best stock for breeding purposes, the loss of 10 per cent or more 
of their colonies in winter must not be looked on as a total loss, for 
generally the poorest colonies succumb. In the southwestern part 
of the United States the winter problem can be said not to exist in 
the way it does in the North, and, as a result, a large part of the 
bees kept there are of poor stock, vastly inferior in many cases to 
equally neglected stock in portions of the country where winters are 
severe. 

On the other hand, in these warmer portions of the country it is 
necessary to leave much heavier stores of honey in the hives to carry 
the colonies over from one season of activity to the next, so that 
‘‘wintering”’ is very expensive. It has been suggested seriously that 
colonies be placed in cold storage for several months to save this 
heavy consumption. 

‘‘Winter loss”’ is in many cases caused by disease, which so weakens 
the colony during the summer that it is not able to survive the winter. 
In such cases the bee keeper is usually ignorant of disease. 

Waste of waz.—No other manipulation of the apiary is so primitive 
as wax extraction and nowhere is there more room for improvement. 
As every bee keeper knows, it is dificult to remove wax from the 
comb, particularly in the case of old combs which have been used for 
brood rearing for years. ‘The amount of wax wasted every year by 
inadequate methods of extraction amounts to thousands of dollars 
annually. In most cases over 10 per cent of the wax remains in the 
‘‘slumgum,’’ and even by careful work 5 per cent is left. By repeated 
rendering, the amount may be reduced, but the time necessary for 
this usually makes it unprofitable. 
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With the advent of the movable-frame hive and honey extractor 
it became orthodox to continue the use of combs year after year. 
The invention of methods making this possible was of such great 
benefit to the apicultural industry that it may almost be said that 
without it there would be no industry. At the same time it may be 
that bee keepers have formed the habit of using their combs in this 
way, and in consequence are losing wax. It must not be overlooked 
that it is part of the life activity of bees to build wax, and in working 
bees to get the maximum financial return from them it may be 
desirable to allow them to spend some energy on wax production. 
For example, immediately after swarming, under natural conditions, 
bees secrete a large amount of wax; they also, of course, build wax 
at other times, but there is much more of a tendency then than at 
any other period of their activity. There is good reason to believe, 
also, that at the time specified the amount of honey consumed in 
building a pound of wax is less than at any other time. With wax 
worth so much more per pound than honey, it would seem to be 
desirable in some cases to take advantage of the wax-building ability 
of bees. 

In rendering wax from comb the usual procedure is to squeeze the 
combs in a press while hot. With but few exceptions, this is the only 
method used. Since this takes too long, and especially since all the 
wax can not possibly be removed, it would be wise to look for some 
other method. A better method would not only mean greater profits, 
but would be a gigantic step in advance in bee-disease eradication. 

The loss due to inadequate extraction does not, of course, include 
the enormous loss from wax which is thrown away or which is allowed 
to be destroyed by wax moths for lack of fumigation. 

Enemies.—When it is considered that bees live in a large com- 
munity and seemingly present an excellent opportunity for the 
intrusion of parasitic forms and predaceous animals, it is a matter 
of surprise that they are so free from this source of loss. 

The wax moths (Galleria mellonella L. and Achroia grisella Fab.) 
rarely trouble thrifty colonies, and therefore are not dreaded by 
progressive bee keepers in the colonies; they do, however, often 
destroy stored combs. 

Diseases.—F rom the standpoint of present need there is no question 
in apiculture which at all compares in importance with the control of 
bee diseases. There are now recognized two distinct brood diseases 
which are contagious and which annually cause enormous losses to 
those engaged in the industry. There is reason, too, to believe that 
these diseases are spreading to new localities at a rapid rate, and 
unless vigorous steps are taken there can be no doubt that in afew 
years they will be distributed to every part of the United States. 
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The apathy of bee keepers, as a class, to these scourges is re- 
markable, in view of the fact that information is available which 
should point out the dangers now incurred by inadequate efforts 
toward the control of these pests, or in most cases by no effort at all. 

As an example of the annual loss from this source, the following 
figures, furnished the author by Mr. Charles Stewart, one of the 
State inspectors, from the statistics of the New York department of 
agriculture, are of value. These figures are based on the actual 
number of colonies suffering from European foul brood which were 
destroyed or ordered destroyed by the inspectors of apiaries and do 
~not represent the decreased returns from colonies not treated or 
from those affected with disease and treated. This epidemic started 
about 1897. The decrease in annual loss will be discussed later. 


Previous to dsooe ees eee. we $39, 383 | During 1903 .—: >... eee $4, 741 
Drrme S99: eee etna 25, 420 1904. ..-.....22) Se 
DOGS 3 eRe ceo eee Sal 20, 289 1905.52... 2 25322 1, 725 
IIS] O) RON et Ares ee ate a 10, 853 
GOD cotes ener ties 5, 860 Total... . 2.2235. eae 110, 491 


In the majority of cases it is absolutely impossible to estimate the 
losses, because so little is known of the actual territory covered; but 
if a loss of $25,000 is possible in a few counties in one State and 
there are many areas much larger where disease is equally epidemic, 
the loss may well be estimated at $2,000,000 annually. 

The figures of the epidemic in New York offer an excellent example 
of what may be done in eradicating a contagious disease. Unfor- 
tunately that State had no means for taking up an extermination of 
European foul brood as soon as it appeared, but steps were taken to 
begin inspection as soon as such an innovation could be introduced. 
By hard work on the part of four competent inspectors the annual 
loss was rapidly reduced. The same results may be obtained any- 
where by the employment of competent men to do the work, so that 
from a rapidly spreading epidemic, threatening the bee industry, the 
situation is changed until the disease becomes not so much a scourge 
as an inconvenience. In the case in question there can be no doubt 
that the annual loss would soon have reached $56,000 or that the 
industry would have been practically destroyed had no State aid 
been given just when it was. 

Not only is inspection of value in a case of this kind, but it is of 
inestimable value in making possible the stopping of an epidemic 
in its early stages. To continue with New York as an example, the 
same disease, European foul brood, has since broken out in three 
other localities, but the force of inspectors went to work at once and 
there is little danger of serious trouble. It is safe to say that the 
value of inspection in this State is nearly equal to the annual value 
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of the industry in the State. The value of the honey and wax 
produced in New York in 1899—the year State inspection was 
instituted—is given as $352,795 in the census for 1900. This is 
obviously too low. 

Several States have passed laws for the control of these diseases 
and, in the majority of cases, the results are as good as can be ex- 
pected. The laws are not always all that could be desired. Table 
IX shows the States having inspection and the force at work. 


Taste [X.—Status of bee-disease inspection in the United States. 


: Number 
State. oe ot EER EC afin Principal disease. Authority. 
; spectors. 
Cahtormiak... 2... - Counibyin: Sasa oe 15 American foul brood...... State law. 
Geloragdowess= = so2 = =|... -. GOSS eee. Ae allheoen a GO ieee ee tke oar Do. 
Gel. ance eee Divisions of State. i) Vari rage GOR Bae ees eaten: Do. 
RATIIOIS EN ogee Ee SUA ashes ee eee 1 American foul brood and | State bee keepers’ as- 
European foul brood. sociation. (No police 
power.) 
RANSAS 62 ec ccc - Comityes 25-5228 (?) American foul brood. ...-- State law. 
IMGenIeAM. 2.0)... SUE Ba eee il American foul brood and Do. 
European foul brood. 
MUMS ROUE Ls ene ee OMe em 2(?)| American foul brood...... Do. 
IMSSO UNI. ee eS ot en COs ee ore in reer O%ee aes Se Se Se aoe the Do 
Nebraska... 2 -.. County. 5.55. 22.8 pl oe ae GORE iment cee See ie Do 
IS ENWEKO Ge a er ee as Dec8 we Gig ae Se tae ee Pe |e, I ie ae ae ? 
Mew Mextcow. 2.522)... +: CLORE See ee i] American foul brood..... Law against keeping 
diseased colonies. 
New Ore. 2). Divisions of State. 4 European foul brood and | State law. 
American foul brood. 
CLINT SS ae Counitysc. sees: Veet Ao ae: GO eet ree Lae ete Do. 
mesos pele s 3272.4|\5 = <'=- Geez, i sR en ee ak eae i ee eee (?) 
SUES Ce 3 eee ee Divisions of State. 4 American foul brood. ..... State law. 
UNS bee WOUTI esse a oe COREE Sader Sort a ee Do. 
Washington. ..... |... PUCOM ee eee Png eet GROAN Rehcok Siete Sy Sn Es Do. 
Wisconsin: = 22... 2. ASU Neha) oe ee es ele LS AEA oor GOs ener so ee es Do. 


Other States are at work on this same question and it may be 
expected that within a few years the diseases will be controlled as 
much as is possible by inspection. 

Badly proportioned distribution of apraries.—A present source of 
loss to the industry as a whole is the fact that the available area for 
nectar gathering is not properly covered with apiaries; in some cases 
it is overstocked, but far more generally there is room for several 
times as many colonies. In pointing out the loss on this account it 
need scarcely be expected that a method for remedying the present 
conditions will immediately follow. 

As apiculture advances, more and more of the available bee terri- 
tory will be covered and, naturally, overstocking will be brought 
on in many cases. Sy natural growth of bee keeping the present 
lost nectar will probably be brought to the hives. Viewing the ques- 
tion, however, from the standpoint of the industry as a whole, it is 
desirable that this nectar be collected by bees under the manage- 
ment of intensive bee keepers—by men who can get the maximum 
crop from the bees. This can be brought about only by education 
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of the men engaged in the work to the greatest possible proficiency. 
It can not be hoped that men owning but a few colonies will be suffi- 
ciently interested to carry on intensive apiculture. If, therefore, 
efforts are put forth to bring the industry to its highest point, they 
should be directed toward the making of specialists in larger num- 
bers. Above all, there should be no ‘‘booming”’ of the industry, no 
effort to ‘‘popularize”’ it, for it is not desirable that everybody keep 
bees. Bee keeping requires careful work, and to get a financial profit 
is not possible in the majority of cases. To advocate bee keeping as 
a general avocation not only hurts reputable bee keepers but gen- 
erally leads to grave disappointment on the part of those who are 
led into it by glowing accounts. 


THE NEEDS AND POSSIBILITIES OF APICULTURE. 


That there is room for growth in the bee-keeping industry admits 
of no doubt. The fact that honey for table use is a luxury rather 
than a necessity makes possible a great increase in marketing by the 
creation of a desirefor it. This is recognized by those who are engaged 
in the building up of a local market for their product, for it is found 
that the amount of honey consumed in a community increases rapidly 
when honey is brought to its attention. 

A large part of the honey put on the general market does not go 
into retail trade, but is used in manufacturing. This phase of the 
market is of relatively recent growth and, in spite of the fact that most 
bakers and confectioners pay a small price for honey, there is in this 
case also room for more. Several confectioners have stated to the 
author that they find it difficult to get enough honey in the general 
market for their own use. 

In discussing the needs of the bee-keeping industry these may per- 
haps be best divided under three headings—scientific, economic, and 
educational. In naming them it does not follow that all are absolute 
necessities before the industry can reach its highest perfection, but 
there are many lines which should be taken up which, while not neces- 
sary, are very desirable in order that the men engaged in the industry 
may be well informed concerning the various phases of the science. 


SCIENTIFIC NEEDS. 


Statistical.—In order that honey and wax may come to hold a stable 
place in the market there should be available more detailed statistics 
as to the scope of the industry and, following that, properly timed 
crop reports, so that the products may sell for what they are worth. 

Zoological.—tIn spite of all that has been written on races of bees, 
the subject is far from being completely exhausted. More reliable 
work should also be done on the anatomy and embryology of the bee. 
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Numerous papers and books have been written on these subjects, 
- especially on anatomy, but they generally prove incorrect and unscien- 
tific when carefully studied. It is regrettable that too often pseudo- 
scientists have been allowed to impose on the bee-keeping public by 
sending out publications purporting to be the results of research which 
are in reality compilations in large part, and the actual observations 
of the author are not based on a proper preparation for such work. 
The amount of work done on the physiology of the bee is indeed 
meager; the problem is a difficult one, but as technique is perfected 
such work should be taken up. The whole basis of practical api- 
culture is a knowledge of the behavior of the bee; without such 
knowledge there could be no good practical work. Probably no 
insect has been studied from this standpoint more than has the honey- 
bee, but every new piece of work done simply points out new lines of 
work that are desirable. 

Botancal.—Our knowledge of nectar-secreting plants now consists 
largely of random observations, usually for a limited locality, recorded 
in bee journals and books. Systematic work along this line, if done 
by competent observers, would give to the bee keeper the means of 
studying the possibilities of any locality as it can not now be done. 
More work is needed to give accurate information as to the part played 
by the honey bee in plant pollination, as well as data showing the 
present value of, and future possibilities in, that work. 

Bacteriological—The cause of one brood disease is now known, 
but there is still a great deal of work to be done in the study of the 
bacteria of disease. This work is of the highest practical importance, 
for without a thorough knowledge of the organisms it is impossible to 
diagnose the more obscure samples, and only by a detailed study can 
information be gathered as to the amount of heat or disinfectant 
which must be used in combating disease. 

Chemucal.—Considerable work has been done on honey analysis, 
and a recent publication? of the Bureau of Chemistry of this Depart- 
ment is an excellent piece of work which lays the foundation of a good 
market for pure honey in making it possible to detect adulteration. 
In addition to what is already done, there should be a more detailed 
study of honeys from individual honey-plant sources. 


ECONOMIC NEEDS. 


There is or should be no sharp distinction between scientific and 
practical bee keeping. Practical bee keeping is but the application 


a White, Dr.G. F.—The Cause of American Foul Brood. Cireular No. 94, Bureau 
of Entomology, U. 8. Dept. of Agriculture, 4 pp., 1907. 

b Browne, C. A., and Young, W. J.—Chemical Analysis and Composition of Ameri- 
can Honeys, including a Microscopical Study of Honey Pollen. Bulletin No. 110, 
Bureau of Chemistry, U. 8. Dept. of Agriculture, 93 pp., VI plates, 1908. 
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of discoveries made by scientific work. It is not always recognized, 
but it is nevertheless true, that careful systematic work on methods 
of wintering, production of the maximum crop of comb or extracted 
honey, or the like, is really scientific work on the behavior of the bee, 
and, if done properly, is just as truly scientific work as any that has 
been mentioned previously. Breeding-of better bees and inspection 
for disease or for honey adulteration are but practical applications of 
scientific investigations. 

The question of breeding is economic and very important. It is 
doubtless a fact that at least three-fourths of the colonies of bees now 
found in the United States are not what they should be or what they 
would be if proper attention were paid to breeding. By requeening 
such colonies from good stock the annual output of honey would be 
enormously increased, provided, of course, that the improved stock 
were properly manipulated. 

At present the tendency among bee keepers is to accomplish by manipulation the 
things which would be attempted in breeding. Thus, instead of breeding for non- 
swarming bees, we have attempts at the construction of hives which provide enyiron- 
ments conducive to nonswarming. Instead of breeding for prolificness we have trials 
at using two queens in one hive to get the same result. Good wintering qualities are 
replaced by extra care in wintering, and tongue length becomes less important by the 
use of alsike clover for pasturage in place of red clover, the nectar of which is largely 
lost tothe honey bee. Activity in honey gathering is replaced by the keeping of a 
large number of colonies. 

As long as the bee-keeping field is not more completely filled, these methods of avoid- 
ing the breeding problem will be more or less successful. The time should come, 
however, and probably will, when bee keepers can no longer neglect this line of work.4@ 


EDUCATIONAL NEEDS. 


While the problems above enumerated represent a vast amount 
of work which must be done, the problem which entails the greatest 
amount of labor is the spread of information to the individual bee 
keepers who want it. Several agencies are now at work doing valu- 
able service, among which may be mentioned the journals devoted to 
bee keeping, associations of bee keepers, the teaching of apiculture 
in some agricultural colleges, and the work of some experiment 
stations. The Bureau of Entomology aims to aid in the work. 
Most of the text-books on bee keeping are educational rather than 
records of personal investigation, for in large part they very prop- 
erly draw from many sources and prepare the data for the use of the 
bee keepers. 

First of all there must be an improvement in the methods of‘com- 
piling the work done by others. The literature on bee keeping is 
so enormous that the average individual can not attempt to cover 


@ 1908. American Breeders’ Association, Vol. IV, pp. 200-201. 
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it, and to aid in this phase of the work this Bureau is arranging a 
bibliography of apicultural papers and books. This has been begun 
only recently, but it now contains about 8,000 titles and is growing 
rapidly. This bibliography is in conjunction with the files contain- 
ing the results of investigations carried on in tne Bureau, as well 
as synopses, translations, and notes on the work of others in various 
branches of the subject. 

The greatest difficulty encountered is the finding of the way to 
get in touch with the bee keepers to present to them the results of 
work. Naturally the bee journals are anxious to do the same thing 
to increase their subscription lists, and the associations to increase 
their membership. The Bureau of Entomology has recently tried, 
as an experiment, direct communication with all the bee keepers 
in Massachusetts and the results are highly satisfactory; so much so, 
in fact, that the same work is being carried on in two other States. 
The amount of time and work that is necessary, however, makes it 
impossible to carry out this work generally. 

Under this heading comes also the education of the public to the 
use of honey. In most cases this must be done by the bee keeper 
in his own locality. The average amount of honey consumed per 
individual is now too small, and can be increased by some proper 
means of bringing it to the attention of the public. 

When the situation is carefully studied, it becomes evident that 
the possible annual crop of honey and wax is several times greater 
than the present crop. If bee diseases can be properly controlled 
and good information be properly disseminated, there is good reason 
for considering the future of commercial apiculture as very hopeful. 
The industry of apiculture depends on commercial bee keepers and 
not on the bee keeper with small interests. 


SUMMARY. 


The growth of apiculture during the past half century has been 
remarkable and its present extent is little understood. 

Bee keeping is usually not the sole occupation, but is a side line. 

There are in the United States over 700,000 bee keepers producing 
annually $20,000,000 worth of honey and $2,000,000 worth of beeswax. 

The average number of colonies per bee keeper is less than 6. 

The annual importation of honey amounts to about 2,500,000 
pounds, and that of wax to about 700,000 pounds. 

The honey bee probably does more good to American agriculture 
as a pollenizing agent than as a honey producer. 

The present sources of loss are due to swarming, winter losses, 
waste of wax, enemies, disease, and wasted nectar. Of these sources 
of loss, contagious diseases are the greatest and demand attention. 
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There is much need of further investigations in apiculture, and a 
few of the desirable lines of work are pointed out. Thework to be done 
is grouped in three classes—scientific, economic, and educational. 

Bee keeping as an industry is benefited only by the making of 
expert bee keepers financially interested in the business. The per- 
sons interested but little are a serious detriment to the industry, 
especially in regions where bee diseases exist. 
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BEE KEEPING IN MASSACHUSETTS. 


By Burton N. GATES, 
Hepert in Apiculture. 


HISTORICAL SKETCH. 


When, in 1620, the Pilgrims landed at Plymouth, this country knew 
no bees; the Indians in their languages had no equivalents for bee, 
‘honey, or wax. In Ellot’s remarkable translation of the Bible he 
was obliged to use the English word for honey, with sometimes an 
Indian termination. Scarcely, however, had churches been erected, 
scarcely were clearings made in the wilderness for growing agricul- 
tural necessities, when the settlers turned their attention to securing 
honey bees from England. That such remarkably early trans-At- 
lantic shipments of bees were successful there can be no doubt. 
Josselyn, who visited New England twice, once in 1638 and again in 
1663, speaks of “ the honey-bee, which are carried over by the English 
and thrive there exceedingly,” but he does not tell when the first 
attempts to secure bees were made. Belknap,’ however, wrote “ that 
the first person who brought a hive of bees to this country [New 
England] was rewarded with a grant of land; but the person’s name, 
or the place where the land lay, to whom the grant was made, I have 
not been able to learn.” Unfortunately the records of the Colonies 
were not available to Belknap. 

Newbury, a coast town north of Boston, was established in 1635. 
There the first effort to premote bee keeping in the New World was 
made. Furthermore, the importance of the industry was of munic- 
ipal moment to the extent of holding out to one John Eales, who was 


@ Josselyn, John. 1675. An Account of Two Voyages to New England, p. 120. 
Second edition. London. ‘‘ The second edition is the first, with a new title 
page merely.”—Sabin. Reprinted in Massachusetts Historical Society Collec- 
tions, Vol. III, third series, p. 292, and by William Veazie, Boston, 1865. 

6 Belknap, Jeremy. 1792. <A Discourse Intended to Commemorate the Discoy- 
ery of America * * * to which are added, four dissertations * * * 8, 
On the Question, Whether the Honey-bee is a Native of America? * * #* 
Boston, Belknap & Hall. 182 pages, 
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then living in what is now Hingham, Mass., an inducement to come 
to Newbury for the purpose of teaching the settlers how to make hives 
and to care for bees. In August, 1644, Eales came “to one John 
Davis a Renter of a farm with ye expectation of his doing service 
which the Towne was not acquainted with.”* Apparently, however, 
John Eales was not, financially or otherwise, a success. He was later 
arrested and put in jail in Ipswich, according to the record, and, on 
May 14, 1645, “ It is conceived John Eales should be placed in some 
convenient place where he may be implied in his trade of bee-hive 
making, etc.; & ye town’ of Newbury to make up what his work 
wanteth of defraying ye charge of his livelyhoode.” ® 

There can be little doubt that John Eales is the man to whom 
Belknap refers and to whom credit is due as the earliest bee keeper 
in the colonies.¢ 

Further convincing evidence of the very early introduction of 
bees into New England is the date of their importation which Haydn ® 
gives. According to this author, “ bees were introduced into Boston, 
New England, in 1670, and have since spread over the continent.” 
The source of his information 1s not given, but it is probably in some 
of the port records and can not refer to the first importation. 

From these early times until more than a century later little or 
nothing is known of bee keeping in the State. In fact, during this 
epoch apiculture in the Old World was not well developed. It was 
not until the middle of the eighteenth century that writings on 
bees began to appear in Europe in any considerable number. Bees 
were receiving some attention in Massachusetts at this time, as is 


4 Massachusetts Archives, Vol. L, pp. 4-5. [Manuscripts in the State House, 
Boston. ] 

61853. Records of the Governor and Company of the Massachusetts Bay in 
New England. Boston. Vol. 2, p. 101. [Period covered, 1642—-1649.] John 
Hales was “ Freeman made att the Generall Court, May 14, 1634.” Ibid., Vol. 1, 
p. 369. 

© See also: Adams, George W. 1906. Massachusetts Bee Keeping in 1644. 
American Bee Keeper, Vol. XVI, pp. 280-281. 

Gerstiicker, A. 1862. Uber die geographische Verbreitung und die Abinder- 
ungen der Honigbiene nebst Bemerkungen tiber die Auslindischen Honigbienen 
der alten Welt. (Zur XI. Wanderversammlung Deutsche Bienenwirthe zu 
Potsdam am 17, 18, und 19 September, 1862.) Potsdam. According to Von 
Buttel-Reepen this paper was given as “a card of admission” to those attend- 
ing the Potsdam meeting. It has apparently become lost, excepting one copy 
from which Von Buttel-Reepen reprinted it as a part of his paper, “Apistica.” 

Von Buttel-Reepen, Dr. H. 1906. Apistica. Beitrige zur Systematik, 
Biologie, sowie zur geschichtlichen und geographischen Verbreitung der Honig- 
biene (Apis mellifica L.), ihrer Varietiiten und der itibrigen Apis-arten. 
Mittheilungen aus dem Zoologischen Museum zu Berlin, III, Heft 2, 8 fig., pp. 
IV+121-201. Issued also as a separate. 

4 Haydn, Joseph. 1904. Haydn’s Dictionary of Dates and Universal Informa- 
tion. 23d edition. New York. Also other editions, 
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shown by a letter of a father to his son, dated, “ Sutton [Massa- 
chusetts] June the 2d, 1788.”* Besides speaking of sending to his son 
some homespun clothes the father adds, “as for news we have no 
grate to rite to you our bees have swormed yesterday and they flew of 
today.” 

New England is reputed to have suffered severely from attacks of 
bee moths in the early part of the nineteenth century. There appears 
to have been a period of general devastation by this enemy from 
about 1800 to 1850. It handicapped the industry considerably. and, 
according to some, completely wiped it out in certain localities. Writ- 
ing from Greenfield in 1853, L. L. Langstroth says: “ The present 
condition of practical bee keeping in this country [meaning the whole 
of New England and New York] is known to be deplorably low. 
From the great mass of agriculturalists * * * it receives not 
the shghtest attention.” ‘There is room for considerable doubt, how- 
ever, whether the moth was the primary cause of this devastation, as 
is explained below under the headings, “ Enemies” and ‘* Disease.” 

At the middle of the nineteenth century Langstroth, who had been 
experimenting for several years, brought out his invention, the 
movable-frame hive. As is explained under the head of “ Hives,” 
this revolutionized the industry; at that time modern bee keeping 
began. 

Considering the very early date of the first introduction of bees 
to what is now Massachusetts, and that from this locality as a center 
much of the present-day bee keeping’ spread westward with the 
home seekers, it is not a little surprising to discover so few extensive 
bee keepers in Massachusetts, while there are many in New York 
and Vermont. Compensating, however, for the lack of extensive 
bee keepers, there is a vast number of small apiaries; their number 
in proportion to the territory is probably greater than in any other 
State in the Union. There are at least 2,100 7 who derive some profit 
from their bees. Were these 2,100 to keep twenty-five colonies each 


44 photograph of this letter is in the possession of the writer, 

> Langstroth, L. L. 1853. Langstroth on the Hive and the Honey-Bee, a 
Bee-Keeper’s Manual. Northampton. First edition. 

©The details of the present status of bee keeping in this paper are based 
upon the returns from a series of questions sent to every known bee keeper 
in Massachusetts. The method of securing the statistics was described in the 
author’s paper read before the Association of Economic Entomologists, Balti- 
more, Md., December 29, 1908. This paper is published in the Journal of 
Economic Entomology, Vol. II, No. 2, pp. 117-120, April, 1909. 

By actual count, the recorded bee keepers for Massachusetts number 2,127. 
This exceeds the number recorded in the 1900 census by 328, which, consider- 
ing that the author’s work was accomplished through mail while the federal 
census is the result of a house-to-house canvass, suggests a deficiency in the 
figures of the federal census reports. Of the 2,127, 1,050 reported. 
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and were their apiaries properly distributed over the State, there 
might not be forage enough to support them; but such is far from 
reality. The average is only five and a half colonies per bee keeper, 
which is evidently too small. In this is a key to the bee-keeping 
situation of the State; if the resources are to be fully utilized, more 
bees must be kept, not by more bee keepers, for there are too many 
small ones at present, but by several hundred proficient and energetic 
bee men properly distributed. 


EXPERIENCE OF BEE KEEPERS IN MASSACHUSETTS. 


Although there are too few bees kept, it is interesting to ascertain 
how experienced the Massachusetts bee keepers now are. In order 
to gain this information, a question, ‘“‘ How long have you kept bees? ” 
was included in the list of questions circulated throughout the State. 
By thus knowing the length of time these men have been keeping 
bees, some idea of their proficiency may be reached. Of those who 
reported to the author, 38 per cent have had less than five years’ 
experience and must consequently be classed as amateurs. While this 
array of amateurs, at first glance, appears high, it becomes more 
significant upon considering that 32 per cent, having successfully 
passed their apprenticeship, report from five to fifteen years’ experi- 
ence, or, in other words, have persisted and succeeded in bee keeping. 
On the other hand, roughly estimating, 50 per cent of the bee keepers 
who undertake this branch of agriculture discontinue it within their 
first five years’ trial. This is not due to lack of possibilities in the 
bee-keeping industry, but must be attributed in a large measure to 
sensational presentation, in the popular press and elsewhere, of the 
ease of managing and the huge profits to be derived from bees. 
This overstimulation of the bee industry is a positive detriment to the 
bee-keeping interests. The number of persons who have taken and 
will take time for a proper study of bee culture is exceedingly limited 
in proportion to the number who undertake the work unmstructed. 
Consequently a 50 per cent weeding-out process during the first five 
years of attempted bee culture is a stroke of fortune for the industry. 
After fifteen years’ experience, and before the twenty-five-year mark 
of service is passed, there is another falling off. The figures of this 
census show that 16 per cent of those reporting have kept bees from 
fifteen to twenty-five years, which, when it is considered that a bee 
keeper is well along in life by that time and often must necessarily 
relieve himself of care and work, is exactly what might be expected. 
No less interesting is the fact that 16 per cent continue after twenty- 
five years of service. These are the truly old bee keepers, many of 
whom remember Langstroth and his experimenting. While they 
may not be exactly up-to-date, they are to be respected for their 
persistency, 
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For purposes of comparison divide the State into two sections, the 
eastern section to include Worcester County and all other eastern 
counties save Barnstable County, which is not at all comparable 
either in population or from an agricultural point of view. If these 
two sections be contrasted, there will be found an obvious difference 
in their population. In the eastern section the cities and towns are 
large and the population concentrated, while in the western part the 


population is less dense and is thus far less influenced, on the whole, 


by large communities than the eastern section. It is in the large 
communities that bee keeping is usually promoted by supply houses 
and conventions, and it is there also that the majority who seek rural 
recreation along lines promoted by popular agricultural papers 
reside. Consequently, it is to be expected that the progress and 
stimulation of bee keeping, either as a recreation or an industry, 
should first be felt in and adjacent to these communities. This is 
precisely what is noticeable in Massachusetts. Back in the country 
of the more strictly rural section of the State, where population 
acquires but slowly the progressive impulses which are first launched 
in the larger communities, there are fewer new or amateur bee 
keepers than in the more thickly populated eastern section. In this 
western section the ratio of beginners to advanced bee keepers is as 30 
to 70; while in the eastern section, where are found two bee-keepers’ 
societies, the proportion of beginners is larger, with a possible ratio of 
41 to 59. Aside from the influence of societies in the eastern section, 
supply houses have had a noticeable effect in stimulating popular in- 
terest and in promoting new and improved methods. As is pointed 
out above, sensational stimulation is unfavorable to the industry. 


TABLE peer ObOF tion of amateurs to practiced bee keepers in the eastern and 
western sections of Massachusetts. 


Practiced bee keepers. Total 
Amateur bee keep- musaber 

Section of State. ers (5 years and | AS ‘ ee 
less). 5 to15 | 15 to 25 | 25 years | por cent.| reubrt 

years. | years. jand over. CECSIE S| eee 


ing. 


Number. | Per cent. | Number. | Number. | Number. 
West of Worcester County..... 95 30 105 56 67 70 323 
Worcester County and east, 

exclusive of Barnstable 


MC OILUID Ve ae oo ine eee eee ee 302 41 209 104 94 59 709 
Barnstable County ............ [ 4 Laie aan 8 6 i Severe ea 18 


Total for the State....... 400 38 322 | 166 | 162 62| 1,050 
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NUMBER OF COLONIES PER BEE KEEPER. 


There are but two bee keepers in the State who report more than 
100 colonies, but several have nearly this number. 


TABLE II.—Location of Massachusetts’ largest apiaries, as reported for 1906. 


i : 
ice 100 colo- |) ae 100 colo- 
R 50 to 75 | 75 to 100|—. ‘ i 50 to 75 | 75 to 100} —." 

County. colonies. | colonies. menue County. colonies. | colonies. mee 

Barnstaplestaascaceclasse see tere Lewes ee | Middlesex......... 4 | 1:|. 5 eae 

ISSO arceat cic Sera AUN Sees, on A me hea SR oe | Pivimoutiveseaceees 1. eee a2 

au roe averse ell emacs caters 1 Ae ee ree ee | — 

Hampden. sac <5: Td PR Sears | ARN Ae | Tota =o s64- 2 9 | 3 2 
leiewooyoMowbHe ooo oaoc IRS as eens eM eh eee ! 


“One of these bee keepers writes that he increased from 55 to 135 colonies in 1906. 


It is a peculiar fact that in Worcester County, where more bees 
are to be found than in any other county and where bee keeping is 
progressive, none reports 50 colonies and few have even 25. The 
two largest bee keepers in the State are located in Plymouth County. 
That there are so few large bee keepers in Massachusetts is due, in 
the writer’s estimation, to the heretofore unrecognized ravages of 
disease. This is discussed elsewhere in this paper and in another 
publication of this Bureau.t In Middlesex County, for instance, 
where, so far as at present known, disease is not prevalent, the 
greatest number of large bee keepers is found and also the second 
greatest number of colonies. 


DISTRIBUTION OF BEES IN MASSACHUSETTS. 


In the eastern section, exclusive of Barnstable County, with its 
high ratio of novices, there are practically as many colonies of bees 
per bee keeper as in the western section. According to the figures for 
1906, the following table presents the conditions: 


TABLE III.—Distribution of bees in Massachusetts. 


Spring. 

Fall— 
+e ; Number 

Section of State. Number | Colonies | of col- 

of col- er bee | onies. 

onies. c<eeper. 

West.ot. Worcester: County. cede -c seen ee See ee eee eee 1,760 5.4 2,530 
Worcester County and east, exclusive of Barnstable County.........--- 3, 897 5.5 5, 595 
Barnstable County: soseos.5 un masse ak ee eee eon encase ee eee eee 182 10.0 227 
Total forthe State. 2. 525 been 5e ee eee ee ee 5, 839 | 5.5 8, 352 


From the foregoing table it will be seen that the minimum number 
of colonies is in direct disproportion to the large number of bee 


“Gates, Burton N. 1908. Bee Diseases in Massachusetts. Bulletin No. 75, 
Part III, Bureau of Entomology, U. S. Department of Agriculture. Wash- 
ington. Bul. 124, Mass. Agr. Exp. Station. 
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keepers. The large population might account for this in the east, 
but this does not explain why the western bee keepers have not 
enlarged their apiaries, which without question should ultimately 
result. Again, disease is beginning to exert its influence, and a more 
general understanding of its nature and remedies should benefit the 


industry. 
INCREASE IN NUMBER OF COLONIES. 


The figures on increase which the writer obtained show an increase 
from 5,839 colonies in the spring to 8,350 colonies in the fall of 1906, 
a gain of 2,413 colonies, or 42 per cent. This is below normal and 
suggests the prevalence of bee diseases. 


PRODUCTION OF HONEY AND WAX. 


The subject of first importance to every bee keeper is the crop— 
How much honey and wax do the bees produce? Unfortunately, 
however, the majority do not go beyond this and ask how much ought 
the yield to be? 

HONEY CROP. 


The honey production of the State is little more than one-tenth 
_ what it might be. The markets demand much more honey than is 
produced in the State. As nearly as can be ascertained, some 80 tons 
of honey are annually harvested. Most of this is not shipped, but 
is consumed by the producer or his neighbors. There is no evidence 
that any honey is shipped out of the State; on the contrary, much 
comb and extracted honey is annually imported from Vermont, New 
York, and sometimes from the far West and South." 

Approximately 100 tons represents the total consumption during 
1906. This consumption varies greatly from year to year, depending 
on the crop, as, for instance, in 1907, when scarcely any honey was 
obtainable in the market. The man who shipped 54 tons from Ver- 
mont the previous year sent less than 1,000 pounds in 1907. None 
was received from New York, as in the previous year. But the 
estimate for 1906 of 100 tons is only one-half the amount estimated 
as consumed in 1904.2 That year 200 tons, divided among the 


“Tn 1906, 53 tons came to Worcester from Vermont; from New York State 24 
tons. In Boston the imports, according to this authority, were approximately 
the same. It may be roughly estimated, therefore, that for 1906 at least 16 or 
at most 20 tons were received from points outside of the State. This informa- 
tion was kindly furnished the writer by Hon. W. H. Blodget, in a letter dated 
Worcester, Mass., April 11, 1908. 

> Gates, Burton N., and Dr. C. F. Hodge. 1904. Bee Keeping; How to meet 
its dangers and difficulties. Mass. Crop Rept., vol. 17, No. 6, pp. 830-40, Boston. 
. October. Also Fifty-second Ann. Rept, of the Secretary of the Mass. St, Bd. of 
Agric., pp. 411-426, Boston, 1905, 
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inhabitants of the State, would have allowed less than two table- 
spoonfuls per capita as a year’s ration. Since then, however, the 
population has increased to more than 3,000,000,“ and with the esti- 
mated crop of 100 tons in 1906 would have afforded each person less 


than one tablespoonful. Too little honey is available in Massa- 


chusetts. This is borne out by the common experience of those who 


_ try to buy extracted honey in convenient amounts or even in bulk 


for table use. The writer’s experience is that it is almost impossible 
to purchase at retail a 60-pound can of good honey or even of a 
poorer grade at any price. As for being able to buy a gallon or a 
quart, it 1s impossible unless the purchaser is willing to pay a high 
price for a lot of small, fancy bottles, which may or may not contain 
good-grade honey. With these facts in mind, it is evident that much 
may be done to improve the retail trade in extracted honey. Comb 
honey, on the other hand, is usually available either from a producer 
or a retail store. : 

The crop in Massachusetts for 1906, as reported by something less 


than half the number of bee keepers recorded, was 145,257 pounds, 


é 


approximately 73 tons; but since only a little over half the re- 
corded bee keepers were heard from, 80 tons would be a conservative 
estimate, as is shown below. It is somewhat surprising that this study 
should show the largest recorded crop, and especially so in view of the 
fact that the investigation was carried on through the mails, while 
census data are obtained by personal canvass. This at least suggests 
that the census figures probably do not justly represent the industry. 
Although 145,257 pounds of honey, of which 108,660 pounds was 
comb and 36,597 was extracted, is the heaviest crop recorded for the 
State, the product looks pitifully small when it is remembered that 
single apiarists in the West frequently produce in a season a fourth 
to a third more honey than Massachusetts’ annual crop. If the 
actually recorded crop is divided by the number of colonies reported 
in the spring of 1906, this is an average of but 24 pounds per colony. 
Conservatively estimating from experience and reports of large prac- 
tical apiarists in New York State and the West, the average yield, 
considering all classes of bee keepers, should be about 35 pounds. 
This would have made Massachusetts’ crop, merely from the recorded 
number of colonies, spring count, 204,330 pounds, or 102 tons. Con- 
sequently the estimate of 80 tons, assumed for convenience, is safe. 
The question is, however, a larger one. The possibilities of the for- 
age and the number of colonies which it would support is more vital 
than criticism of the present discrepancy. The writer has already 


4@Mass. Census, 1905, population 3,003,680. 
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stated * that Massachusetts can support approximately 40,000 colonies 
of bees. This number, producing an average of 35 pounds of honey 
to the colony, would supply 1,400,000 pounds, or 700 tons, of honey a 
year, contrasted with 73 tons. This crop would not be especially 
burdensome, and, divided among the people, each would have less 
than a half pound a year. Furthermore, there is no immediate 
danger of the production of any such amount. 


TABLE IV.—Honey and wax production reported in Massachusetts. 


Date. Honey. Wax. Sources of data. 
Pounds. Pounds. 

Ni Eee Se CS ck cl ocacaceee tec 1,196 U.S. Census Rept. for 1840. 
1849........ Pe eichiciic btn bes c|eceladatasias a259, 508 U.S. Census Rept. for 1850. 
ORO Seema siccic ocice wecclwees oss 73.677 2,324.5 | 3d Ann. Rept. Sec. Mass. Bd. Agric. for 1856. 
PSD Bebe alatore Cats a micsebisvicerew'nlne os 59, 125 38, 289 U.S. Census Rept. for 1860. 
ASE aici e cicleicie uid ores be 0 Sn 80, 356 2, 454 13th Ann. Rept. Sec. Mass. Bd. Agric. for 1866. 
MRUGE eae cS winieievicwtinee a cees 25, 299 1,195 U.S. Census Rept. for 1870. 
SO meee SME wale aie Be cas dar 49, 397 2, 463 U.S. Census Rept. for 1880. 
SRPMS eects Cuce comes 90, 929 1, 690 U.S. Census Rept. for 1890. 
ASG SE eee hee elola ese aye oo 109, 050 6, 250 U.S. Census Rept. for 1900. 
MIO atte aie een icleciris eck aces » 0145, 257 1, 289 The author’s census. 


“Includes both honey and wax product. 
> Wxtracted, 36,597 pounds; comb, 108,660 pounds. 


WAX CROP. 


It is customary for bee keepers to save their old combs from year 
to year before rendering them, which produces an annual varietion 
in the product. Futhermore, outbreaks of bee diseases cause much 
more comb to be rendered. Severe winters, which frequently result 
in a loss of bees, usually produce a relative increase in the wax 
output the following year. It is therefore difficult to calculate a 
representative annual product of wax. The commercial importance 
of the wax crop, and the relative returns from it as compared with 
honey, are gradually becoming more and more realized; therefore, 
as the honey product increases it is to be expected that the wax out- 
put will proportionally increase. Table IV presents all the recorded 
information on wax production in Massachusetts. 


SOURCES OF HONEY. 


Too little attention is given the nectar-yielding flora, even among 
those who seek a livelihood in the production of honey. Although 
it is sometimes difficult to learn the sources from which bees get 


U.S. D. A., Bur. Ent. Bul. 75, Pt. III, p. 23. Allowing an average of 100 
to 125 acres to support a colony of bees, based on experience of large bee 
keepers who maintain a series of outyards, and eliminating 500 square miles as 
probably unavailable for bee pasturage, there remain 7,814 square miles, or 
5,000,960 acres, for forage in Massachusetts, which would support approximately 
40,000 to 50,000 colonies of bees. 


78013°—Bull. 75—11——7 
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their stores, a bee keeper should have some knowledge of the honey 
plants of his locality and their honey value. 

White clover—Among the several clovers, white clover ranks first. 
It is found im nearly all quarters of the State, but flourishes best on 
limed or limestone soils, and is particularly abundant in the northern 
and western parts of the State. Just over the line in the Champlain 
Valley of Vermont the chief source of honey is white clover, which 
grows there in tangles and mats. White clover honey ranks high 
in the market; its color and flavor make it one of the finest of Ameri- 
can honeys. 

Alstke clover.—This 1s frequently sown for forage, and is becoming 
more and more renowned as a honey source. Under favorable con- 
ditions it yields not only a good quality of nectar, but large quanti- 
ties of it. It rivals the red clover, on which bees work to a limited 
extent, but in which the vast stores of nectar are too deep in the 
flower tubes to be within reach of the bee’s tongue. Alsike blooms 
with white clover and will bloom a second time when white clover 
has-eeased, thus prolonging the honey flow from clover. 

Red clover.—This 1s also a more or less continuous bloomer, which, 
inasmuch as the second flowering brings smaller, shorter-tubed heads, 
1s somewhat accessible to bees. 

Sweet clover.—There are two species, white and yellow, but neither 
is abundant in Massachusetts. It is a bountiful source of honey else- 
where, and may become so in this State. 

Crimson clover—As a honey plant this is of slight importance 
as far north as Massachusetts. 

Golden-rod and asters——These plants, as reported in this State, 
rank close to the clovers in nectar secretions. Both begin to flower 
in July and continue until frost. The early bloom, however, is not 
visited by bees to any extent, and it is not until September that the 
flow begins, when the hive takes on a characteristic strong and pleas- 
ant odor. The honey, though rather dark and thick, has a rich, 
~ aromatic flavor, which many people consider superior. In Massachu- 
setts a marketable surplus is frequently taken in September. 

Fruit bloom.—Apple, pear, cherry, plum, peach, etc., which are 
found in abundance throughout the State, are next in importance. 
Fruit bloom is the source of early stores upon which the colonies 
build up for the clover harvest. Insufficient numbers of bees at this 
season and unfavorable weather make it difficult to secure a surplus 
from this source, but the fortunate bee keeper who does secure a crop 
should realize that he has a superior product. The body is heavy, the 
color is clear and light (usually an amber), and the flow comes with 
a rush which insures handsome sections; but best of all is the exquisite 
aroma of the apple blossom, which places fruit-bloom honey in a_ 
class by itself, j 
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Linden or basswood—Cutting for lumber has tremendously re- 
duced the number of basswood trees in the State. It was once gen- 
erally distributed in the forests, but at present occurs largely only in 
the northern and western woods. This is doubtless the most val- 
unable tree honey plant in Massachusetts and, together with its value 
for timber, merits cultivation. It makes a fine shade tree. The 
honey has quite a characteristic flavor and aroma, but requires to be 
well ripened before its delicious qualities are appreciable. 

Buckwheat.—This is a famous honey plant in New York State and 
is reported from all counties of Massachusetts. Here, however, it is 
far less extensively grown than across the line. Some bee keepers say 
they plant small fields for the sake of their bees, but there is great 
doubt if the bees benefit materially by it except in cases of extreme 
scarcity of nectar. The honey is dark, with a brownish or purplish 
cast, a heavy body, and a strong, rank flavor to those who are accus- 
tomed to more delicate honeys, such as clover or fruit bloom. Many 
in New York State, however, often prefer buckwheat to clover honey. 
Especially if extracted, it usually commands a good price. 


Wild raspberry and blackberry—In the highland pastures wild 
raspberry and blackberry abound. The nectar flow is of long dura- 
tion, beginning soon after fruit bloom has ceased, and thus is an 
important stimulant for the clover harvest to follow. Cultivated 
varieties are quite as valuable for forage as the wild species. 

Sumac.—There are several species of sumac which are important 
honey sources, but which are greatly underestimated by the majority 
of bee keepers. They are free bloomers and flourish in nearly all 
parts of the State. Apparently, however, the nectar yield is some- 
what erratic. The writer recalls seasons in Worcester County when 
bees paid no attention to the great heads of greenish flowers. Sumac 
honey, although not light, has a clear and firm body with a pleasant 
flavor. 

Locust.—Like the basswoods, locusts have been largely cut from 
the woodlands. There are several species now found to a limited 
extent by roadsides and in pasture walls, where they are valuable 
forage for bees. In Colrain, Franklin County, one bee keeper at- 
tempted to cultivate locust for his bees, but met with no great returns 
for his efforts. Another bee keeper reports that locust is sporadic, 
yielding nectar only once in three years. 

Maple.—A considerable number of bee keepers report that maple 
is a honey plant. It is, to be sure, one of the best sources of pollen in 
early spring, which doubtless has confused the bee keepers and caused 
them to report it as a honey plant. Swamp maple is especially val- 
uable in early brood rearing. Maple is probably of less importance 
as a honey source than, for instance, the mints, strawberry, and milk- 
weed, which were reported but a few times, 
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Clethra.—This is also known as black alder and sweet pepper bush, 
and is a valuable honey-secreting plant, largely confined to a belt 
paralleling the eastern coast, where it thrives in profusion. The 
aroma, a sweet smell, powerful and penetrating, may be perceived a 
long distance from the bush. Bees work upon it freely, and unques- 
tionably produce considerable surplus honey, which is of good body 
and hght color. 

These, so far as bee keepers’ observations afford, are the most 
prominent honey plants. Of the remaining list—each reported from 
one to fifteen times—milkweed, wild cherry, knotweed, dandelion, 
strawberry, chestnut, mints, gill-over-the-ground, and mustard are of 
most importance. No one of these taken alone is a source of surplus 
honey in Massachusetts, but all are important in the total yield. The 
writer has observed, in the spring when fruit trees are in bloom, a 
perceptible effect of dandelion nectar upon the delicate flavor of 
fruit-bloom honey, producing the characteristic bitterish taste. 

Milkweed.—Where milkweed occurs in large quantities it is a val- 
uable honey plant. In Berkshire County, Mr. Dewey, of Great Bar- 
rington, reports that milkweed is an important source of nectar. 

One bee keeper in Hampshire County reports the Tartarian honey- 
suckle as important and very productive. Sunflowers are valuable 
_ but must occur in considerable numbers to make a perceptible differ- 
ence in the crop. 

Most of these plants are quite as important, so far as the economy 
of the bee is concerned, for their pollen as for their nectar. For 
instance, the willow and skunk cabbage, while they are reported as 
honey plants, are far more important as pollen yielders, because at 
their season of bloom pollen is scarce. The chestnut and, to a certain 
extent, the dandelion are more valuable for the pollen which they 
yield than for the honey. 


THE MORE IMPORTANT HONEY PLANTS IN MASSACHUSETTS. 


TABLE V.—List of the more important honey plants in Massachusetts. 


[Arranged according to frequency of report.] 


; Times 

Name. reported. 

Clovers: 
White ( Tréfolawm : repens) \< «ic cae ote ic Seps cs Wee ie Sis ~ Blale ee wisi aero cisions Siseis SO ae 626 
Alsike® ( ToRYyOriGUm oe ose nbaeees tack sete eheae accu seecies 66 senate See ae 37 
REG*(T. MTQtense). «ase soo sec ecls Cee tees nee Sete oe ee we ee eae Re esi 42 - 7 
Crimson (7. aneannatwin) scuee ook oocine o omcls Sas ee Se Seine once Re See eee Se a 3 
sweet (Metilotus alba and Mi ofieenagi7s) --saeceee ates see eee Mere eee ~~ 3 
wellowi(l. agrarvim) eceeeeone ae eee eee eee eeee ie Bo db cle che ablec'eowiselesisissioe 6 See = een 1 
677 
Golden-rods\(Solidago 'spp.) sss te sac Sees eek Bee eee oleae Setee eae cee eee Se eee 330 
Asters (Aster SPD.) «ci. sios..cceecn .Ceces va cae oucls Go gueecescisios cane Ge eater: tetas tee a 99 
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TABLE V.—List of the more important honey plants in Massachusetts—Contd. 


Times 
Name. | reported. 
Fruit bloom (includes pear (Pyrus spp.), apple, cherry, peach, plum (Prunus spp.), etc...) 337 
Perea LE ASS WV OOGs(-T 200) SPDs)aaease eiciaie oe eine eee sae ec mare ceieione as omits mame se eeicce. cc cse 160 
LIS GNT TNE RD. . foot tet ow ce one oars owed maniac os eaibavse es mate sacs Seccieene {44 
641 
EE ETS SII Noss ac nei Ee eed ss Sanne SER same aeee rea anin Knee e we ase vemos be “103 
TSO RIGeTIAe (TRU ISS 0) OSE Re 3S Sere A re a ee SA SOG mer eae a ae ee 23 
126 
UMIAe CHULS PP)... ..sceses- 2 MN cy SES a EA a ssh a ras ol A Ral A Pay a ie ee I Re ee oP Pa ad 
Locust @ (Robinia spp.)-....-- Pe at ore a hs re fore Sere ene Orel ate ee alee aA hia cin oles sts Steicle,btava omibiet eats 43 
RUM a PCPS TD ED) ene ees Se ets crate Seis op ante Sioa Seceibcio eS Seine ois Gelaia ae clstzemewaleccia beats 3 
Clethra (Clethra alnifolia) BC pgs alm Be Ee oll hea CMB Ripe Sah ae we Te BIN IMR 5, ge a ee ee 24 

«Does not yield every year; ‘‘ Once in three years,’”’ one bee keeper says. 
LIST OF PLANTS REPORTED’ RELATIVELY FEW TIMES. 
(Reported from one to fifteen times.) 
Alder (Alnus spp.). Hickory (Hicoria spp.). 
Arnica, white flowering (Arnica mon- | Honeysuckle, Tartarian® (Lonicera 
tana). tatarica). 


Barberry (Berberis spp.). 

Blueberry (Vaccinium spp.). 

Burdock (Arctium lappa). 

Buttercups (Ranunculus spp.). 

Button bush (Cephalanthus occiden- 
talis). 

Cherry, wild (Prunus spp.). 


Chestnut (Castanea dentata (marsh) ). 


Columbine (Aquilegia canadensis). 

Cowpeas (Vigna catjang). 

Cranberry (Vaccinium spp.). 

Cucumber, cultivated (Cucumis spp.). 

Cucumber, wild (Micrampelis lobata). 

Dandelion (Taraxacum spp.). ; 

Elderberry (Sambucus spp.). 

Elm (Ulmus spp.). 

Gentian, fringed (Gentiana crinita). 

Geranium, wild (Geranium spp.). 

Gill-over-the-ground (Glecoma 
eracea). 

Gooseberry, wild and cultivated (Ribes 
spp.). 


hed- 


Horse chestnut (Ciiscutus spp.). 
Huckleberry (Gaylussacia spp.). 
Knotweed (Polygonum spp.). 
Milkweed (Asclepias spp.). 
Mints, catnip, ete. (Mentha spp.). 
Mustards, wild (Brassica spp.). 


New Jersey tea (Ceanothus ameri- 
canus). 

Radish (Raphanus spp.). 

Shad bush, wild (Amelanchier botry- 


apium). 
Skunk cabbage (Spathyema fatida). 
Strawberry, wild and _ cultivated 
(Fragaria spp.). 
Sunflowers (Helianthus spp.). 
Syringa (Philadelphus spp.). 
Thyme ? (Thymus serpyllum). 
Viburnum (Viburnum spp.). 
Willow (Salix spp.). 
Witch-hazel (Hamamelis virginiana). 


PERIODS OF NECTAR SECRETIONS IN DIFFERENT LOCALITIES. 


Through the courtesy of several bee keepers the writer is able to 
present with considerable detail the periods of nectar secretion of 


“Reported of importance and very productive in Hampshire County. 


6 Jackson, Joseph J. 1894. Through Glade and Mead. 


lists it for Worcester County. 
from Berkshire County. 


Jackson (p. 298) 


It was also reported to the writer three times 
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the more important honey plants in several sections of the State. 
It should be remembered, however, that the dates of nectar yielding 
must necessarily vary from year to year and at different elevations 
in the same territory; consequently the data here presented may be 
shghtly at variance with other observations. 


BERKSHIRE REGION. 


(Furnished by E. H. Dewey, of Great Barrington, Mass.) 


Pussy willow, April 1 to 15. Pussy willow in sheltered places will bloom as 
early as the 15th of March and be visited by bees for pollen. Whether they 
get honey as early as that from this source I do not know. Just when pussy 
willow begins to yield honey I can not positively state, for bees work on it 
very early, but I have seen them with tongues extended in search of honey 
as early as the dates indicated. 

Soft maple, April 1 to 8. 

Hard maple, April 20 to May 5. 

Fruit bloom, May 1 to 25. 

Raspberry, June 5 to 30. 

Locust, June 5 to 15. 

Wild mustard. Wild mustard, I am told, appears about six weeks after culti- 
vation. It is most frequently seen here from the middle of June to the 1st 
of July. 

Clover, June 5 to July 25. 

White sweet clover, July 10 to August 25. 

Sumac, July 10 to 20. 

Basswood, July 1 to 15. 

Milkweed, July 5 to 20. 

Chestnut, July 10 to 15. 

Buckwheat, August 1 to 25. 

Smartweed, September 5 to frost. 

Brook sunflower (Bidens levis), September 5 to —. It is fairly covered with 
bees. I have seen three or four working on a single blossom. Grows on low 
land and margins of water. 

Golden-rod, August 20 to frost. One variety of golden-rod appears here the 
middle of August, but never secretes honey. 

Asters, September 1 to frost. 

Tag alders, September 1 to frost. In my immediate locality tag alders are not 
common, but can be found in swampy places a few miles from here. 


CENTRAL REGION. 


(Furnished by Dr. James B. Paige, Massachusetts Agricultural College, Amherst, Mass.) 


Fruit bloom, May 12 to 30. Cherry, plum, and peach are the earliest. Apple 
lasts the longest. 

Clover, June 10 to August 1. 

Huropean linden, June 15 to July 1. 

Raspberry, June 6 or 7 to about June 20. 

American linden, July 21 or 25 and lasts ten days to two weeks. 

Buckwheat, latter part of July or August 1. Lasts nearly a month, according 
to quality of soil and location. 

Golden-rod and asters, September 1, lasting until frost. 

Smartweed, August 25 until frost. Does not appear to secrete after frost 
comes. 
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Wild clematis, July 25 to September1. Cultivated variety (Clematis paniculata) 
blooms early in September, but I doubt if it secretes honey; it is sparingly 
visited for pollen. 

Thoroughwort, ceases about 1st of September. 

About the 1st of April we get soft maple, willow, skunk cabbage, alder and 
some elms, and cultivated plants, such as crocuses, ete., which, I suspect, 
supply more pollen than nectar. 


CAPE COD REGION.? 


(Furnished by Mr. Allen Latham, Norwich, Conn.?) 


Dandelion, in May. 

Huckleberry, in late May. 

Blackberry, in late May. 

White clover, in June and July. 

Common locust (in Truro), June. 

Sumac (Rhus copallina) (occasionally), in July. 

White alder (Clethra alnifolia), July to August. 

Fireweed (Hrechtites hieracifolia), August to September. 

Cut-leafed water hoarhound (Lycopus americanus), August to September. 

Burr-marigold, August to September. 

Pink knotweed, August to September. 

Various golden-rods, August to September, especially Solidago sempervirens, a 
gigantic variety of golden-rod which thrives in the sand along the beach. 

Various asters, like those which are common all over New England, September 
to October. 

Cranberry, flourishes and blooms for a long period. This may yield nectar. 

Strawberry, grows wild by the acre and the children and women carry bushels 
upon bushels of these berries home every June. Possibly in that region this 
plant vields nectar. 

' The beach plum is an old settler and is found all about the Cape whitening all 
the beach and dunes with its blooms in May. Whether the bees get any honey 
from that bloom I do not know. 

Wild cherry, both the black or “rum” and the “ choke,” grow in abundance. 
As these yield practically nothing inland, I judge they furnish the bees no 
nectar there. 

Listed in the order of their importance to the bee keeper : 

1. Huckleberry.—Without this one could not be sure of a crop of honey 
oftener than every other year, and possibly not one year in three. 

2-3. Hoarhound and fireweed.—Probably the hoarhound should rank ahead of 
fireweed. 

4, Fall flowers, golden-rod and asters especially. 

The fall flowers will always furnish a crop if the weather permits the bees 
to gather it, but too often the weather is foggy or high winds blow, or else it is 


A good account of bee keeping in this region is found in the following 
paper: Miller, Arthur C. 1906. A Unique System. How an Ingenious School 
Teacher Harvests Crops of Honey from a Desert. American Bee Keeper, 
Vol. XVI, pp. 206-210, October. Tllustrated. 

¢Mr. Latham specifies that the data relate to the “plants known to yield 
‘honey near Provincetown,” the extreme end of Cape Cod, about 50 miles direct 
_by sea from Boston and 25 miles from Plymouth. 

¢It is possible that blackberry is very important. I do not know its honey, 
and the flavor may be lost in the honey from huckleberry bloom. 
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too cold. I have never had such crops of fall honey here (Norwich, Conn.) as I 
have had down among those sand dunes, once in three or four years, strong 
colonies laying upward of a hundred pounds. 

5-6. White clover and Clethra, about equal. 

7. Sumac. 


RACES OF BEES. 


Among the bees of Massachusetts are found representatives of those 
kept in all parts of the United States. They occur only in relative 
degrees of purity, due to the fact that young queens often mismate. 
“Hybrid” means any cross between recognized races, but more par- 
ticularly and generally the cross between Italians and Germans. 


ITALIAN BEES. 


According to the data at hand, 594 bee keepers say they have Ital- 
ians. This does not mean pure Italians in every instance, but it does 
indicate that practically half of the bee keepers who reported have 
Italians, a highly encouraging condition. Furthermore, 342 report 
that they have hybrids, which may almost universally be interpreted 
as a cross between Italians and Germans. By adding this to the 
number who report Italians, it makes 936, or about 80 per cent, of 
those reporting who have some Italian in their hives. This clearly 
demonstrates the popularity of the race. 

There are several strains of Italians, such as “ long-tongued,” or 
“red-clover,” and “golden,” or “five-banded,” and the like. Al- 
though these strains are all found in Massachusetts, data concerning 
them is not sufficient to decide their relative merits or popularity. 


GERMAN BEES. 


Pure German or black bees are exceedingly scarce. In the county 
of Worcester the writer has seen what he believed to have been the 
pure-blooded Germans; but these colonies are seldom met with. Al- 
though, as is shown in the table below, 196 persons report that they 
have German bees, there is as much or even more doubt that these 
are strictly pure as there is doubt that all of the Italians reported are 
pure. This race, at least in Massachusetts, is destined to be sup- 
planted by the Italians, although some bee keepers still complain that 
their Italians are constantly being crossed with blacks. 


CARNIOLAN BEES. 


This race, from Carniola, Austria, is not generally used in Massa- 
chusetts. Many who were interested when it was first introduced into 
America tried it and since discarded it; but 34 persons, or 3 is cent, 
reported having it in 1906. 
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Practically every other race of bees known in the United States is 
on trial in Massachusetts. Several mention the newly introduced 
Caucasians. The Punic, Cyprian, and Banat bees are also reported. 

Considering the races by localities in the State, it is difficult to see 
that either the Italians or the Germans are more common to any one 
section than to another. Italian blood tends to predominate. Per- 
sonal observation, however, shows that hybrids or the more purely 
German are found in the back country, where newer methods of bee 
keeping usually receive less attention; the pure Italians and more 
recently introduced races are found near the large communities. 


TaBLE VI.—Prevalence of different races of bees. 


Italian. |Hybrids.a Black or} Carnio- Other 


German. lan. races. 
OAS EES) NSE) 0) 0 594 342 196 Sa lssitenawes 


PSR Ca eee ee ie nels osinie wcieiaine oncciee we sc eciccene 50 30 16 3 1 


aHybrids are largely an admixture of Italian and German races. 
HIVES. 


In 1852 Langstroth patented his movable-frame hive, which marked 
the beginning of modern bee keeping. In the same year he moved 
from Philadelphia, Pa., to Greenfield, Mass. Bee keeping was then 
in a deplorable condition, as he remarked, most of the hives in use 
being those impractical devices classed under the names of “ box 
hives,” “ patent hives,” and the like. According to the writer’s ob- 
servations, these old-fashioned hives are fast being replaced by frame 
hives; colonies in box hives in the country are being exterminated by 
disease; they are also bought up for transferring and for use in 
cucumber greenhouses; at present, bee keepers seldom, if ever, start 
with anything but frame hives. Of those who reported the kind of 
hive which they use, 10 per cent have exclusively box hives and 8 
per cent more acknowledge having a few. Moreover, there are a 
thousand persons who did not reply, and it is fair to presume that a 
considerable percentage of these have box hives. It will, conse- 
quently, not be exaggerating to estimate that 25 per cent, and possibly 
30 per cent, of the bee keepers of Massachusetts still use these hives to 
some extent. Lamentable? too, is the fact that the apiaries in Berk- 
shire County, against the New York State line, are perhaps in worse 
condition, so far as the box-hive problem is concerned, than other 
apiaries of the State, for figures show that one-third of the bee keep- 
ers of Berkshire County are using the old-fashioned hive. This 
circumstance is particularly unfortunate because the flora promises 
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good honey production ; and again because this is a border-line county, 
which may serve, with its high percentage of box hives in which 
diseases are controlled with difficulty, as a source of bee diseases in 
both States. 

The condition on the whole is hopeful—90 per cent of those report- 
ing have largely or exclusively frame hives, which shows a progressive 
tendency. 

It is not, however, within the province of this paper to discuss 
the relative merits of the various frame hives which are in use. The 
several makes and patterns in principle are the same; they vary only 
in detail of construction and proportion. Climatic conditions, the 
methods of the bee keeper, whether for comb or extracted honey— 
in a word, the needs of the individual should govern his selection. 

By far the most popular hive is the one generally used in the United 
States, perfected by Langstroth. In its simplicity and _ propor- 
tions it has proven satisfactory to the climate of Massachusetts. 
Two sizes, the 8 and the 10 frame hives, are popular. According 
to the statistics, the 8-frame hive is more common (340 bee keepers 
report having it) than the 10 frame (260 bee keepers). There is 
a rather strong tendency, judging from remarks in the reports, 
toward the 10-frame hive. 

Another 10-frame hive, devised in Franklin County, has a shorter 
and deeper frame® than the standard, and is second in popularity. 
Its use is rather local, however, being confined largely to central and 
western Massachusetts, where 100 bee keepers report having it. 

There is but one “closed-end frame” hive in use to any extent. 
‘Seventy-seven bee keepers are using it. 

Besides these three types and the box hive, there are a great many 
homemade contrivances and a few patent hives with some merit. _ 


WINTERING. 
METHODS. 


Bees are wintered in two ways. By far the most common and at 
the same time least laborious and less efficient in the latitude of Mas- 
sachusetts 1s on the summer stands. The writer has seen bees go 
‘through a winter in Massachusetts unprotected, without bottom board 
and the corners of the hive rotted away. All manner of devices for 
protecting the bees on the summer stands are used. They are packed, 
put in winter cases, and wrapped in paper. But the safest method 
in a climate as famous for severe and variable weather as that of 


®The frame is 14 inches long and 10? inches deep, with a top bar one-half 
inch thick, 1 inch wide, and 16% inches long, with the corners clipped at each 
end. The ends of the frames are one-half by seven-eighths inch, and the bot- 
tom bar is one-fourth by seven-eighths inch. 
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Massachusetts is to winter in the cellar. Unfortunately, many of 
those who attempt it are not altogether proficient. Of those who 
have reported their method of wintering only 13 per cent winter 
their bees ina cellar. It is well established that by proper cellar win- 
tering the loss in northern countries may be reduced to a minimum. 
In order to do this properly the bee keeper must be painstaking and 
observing; he must use a dry cellar and maintain as nearly a uniform 
temperature as possible. 


MORTALITY. 


In New England and the Northern States loss during severe win- 
ters may run as high as 70 per cent. This loss is greatly reduced in 
favorable winters, when it is as low as 10 per cent. Were all the bee 
keepers competent and careful, this loss might generally be reduced 
to 2 or 3 per cent. 
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Fie. 1.—Proportionate loss of bees wintered in cellars and on summer stands. (Original.) 


In the winter of 1906-7, which was not especially severe, the dam- 
age amounted to 16 or 17 per cent (see fig. 1) ; although this was not 
disastrous, it was too great a loss. It taxed the bee keepers of the 
State $4,886, valuing each colony at $3.50. With plenty of stores and 
proper protection it would not be expected that one-sixth of all the 
bees in the State, 1,396 colonies, should succumb during winter. The 
loss was most severe in localities where disease is now known to exist, 
which suggests that the excessive loss in a measure resulted from the 
depletion of colonies by disease. 


BEES IN GREENHOUSES. 


The use of bees in cucumber greenhouses is one of the many phases 
of bee keeping, perhaps the most prosperous or certainly that most 
peculiar to Massachusetts. The industry is little known outside of 
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this State, yet growers in other Atlantic and Central States have 
undertaken it to some extent. Originating in Worcester County, it 
has assumed large proportions through the eastern part of Massa- 
chusetts. The accompanying map (fig. 2) shows the approximate 
location of the industry. It is a difficult task to obtain satisfactory 
data on this phase of apiculture. Market gardeners who grow cucum- 
bers under glass do not consider themselves apiarists; on this ground 
they largely disregard requests for information. Only through 
a personal canvass among the growers has information been obtained. 
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Fic. 2.—Approximate location of greenhouses in which bees are used for the pollination of 
cucumbers. (Original.) 


There are at least 118 greenhouse cucumber growers. Only 73 
of these, however, have furnished definite figures. These growers, 
including some of the largest and many of the smaller producers, 
use on an average 8 colonies of bees a year to set the crop. If the 118 
known growers, which is not by any means the total number, require 
on the average 8 colonies each, nearly a thousand hives of bees would 
be utilized annually and, if the statistics from every grower were 
at hand, the writer feels sure several hundred colonies more than 
a thousand would be needed. When it is considered that practically | 
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all of these colonies are totally ruined while in the greenhouses and 
that the demand for bees is on the increase each year, it may be 
readily seen what excellent opportunity there is of producing bees 
for greenhouse use. Considering the recorded sale of bees in 1906, 
which amounted to 1,027 colonies, it is probable that these sales 
must have been largely a result of the demand for greenhouse use. 
In illustration of the extent to which bees are used for this purpose 
it may be mentioned that one grower who picks 10,000 bushels 
annually requires 80 colonies of bees; another having 40 acres under 
glass requires 35 to 40 colonies; a great many of the smaller growers 
use from 5 to 20 colonies. Cucumber growers, as a class, know little 
of bee-keeping methods, but they are anxious to learn. They feel 
that they must, in the stress of competition and high expenses, reduce 
the cost and loss in bees. 

Bees are introduced into the greenhouses as soon as the cucumber 
vines begin to bloom. If the houses are large, two or more hives, 
according to the area of the house, are placed on boxes on the beds or 
hung in the gables of the house. Various other methods of intro- 
ducing the hives are also employed. Not being able to secure suffi- 
cient stores in the winter, the colonies dwindle or become depleted in 
seven or eight weeks or less. It 1s a common practice among the 
growers to feed their bees sugar sirup or other sweets. Besides not 
being able to secure nectar to any extent from the cucumber blos- 
soms, the bees are also unable to gather much pollen, which is prob- 
ably a factor in the rapid depletion of the colonies. During the 
spring and summer, however, bees in the houses fare better, because 
they are able to escape, through ventilators and lights of glass re- 
moved for their exit, to the fields, where they secure nectar and 
pollen. Even under these circumstances the writer has seen colonies 
with no stores, with only a handful of bees and with scattered and 
half-starved brood. It is not surprising under such conditions that 
bee moths are such a great annoyance. To an experienced bee 
keeper the reason for their presence is obvious; when a colony be- 
comes weakened the moth gains headway on the combs. No remedy 
for the moth in dwindled colonies can be suggested save killing the 
larve as they appear in the hive. A means of keeping. the colonies 
strong must first be looked for, which will relieve the bee-moth 
nuisance. Without doubt, however, the pest could be reduced if the 
greenhouse men would be more careful in disposing of hives in which 
the bees have died. The moths breed by thousands in discarded 
hives, and later are at hand to infest fresh material. Under no 
circumstance should discarded combs be cast outside on the rubbish 
heap to be devoured by the bee moths. Such a practice is a menace 
to bee keepers for miles around. 
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TABLE VII.—Distribution of greenhouse cucumber growers and record of bees 
used in greenhouses. 
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« Average of those reporting, 8. » Estimated total, 944. 


THE BEE MARKET. 


It is doubtful whether in any other State in the Union more 
colonies of bees are sold, in proportion to the number on hand in the 
spring, than in Massachusetts. As is pointed out, the cucumber in- 
dustry has much to do with this. Although there are many small, 
more or less amateur bee keepers in the State who customarily sell 
their surplus colonies, the trade is not at all confined to them. The 
supply houses and commercial bee keepers sell heavily, which is 
remarkable in a region where there is so little bee keeping on a large 
scale. Peculiarly, every county in the State shares in the trade 
about equally, in proportion to their respective number of colonies. 
The table, arranged from the statistics of 1906, shows that the bee 
keepers of Bristol, Essex, Franklin, Hampden, Hampshire, Middle- 
sex, Norfolk, and Worcester counties sold approximately one-fifth of 
all the colonies on hand in the spring. Plymouth County, however, 
took the lead, selling 39 per cent, while in the remote counties of 
Barnstable and Berkshire, and in the metropolis county, Suffolk, the 
sale was relatively light. 


TABLE VIII.—Number of colonies sold as compared with colonies on hand in 
spring of 1906. 
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PRICES OF BEES. 


Figured on a basis of $5 a colony, which is an exceedingly low 
average price, the total sales reported for 1906 would have amounted 
to $5,185; at $6 per colony they would have amounted to $6,162, 
which more justly represents transactions. Colonies of bees sell as 
low as $2, or, if they are in a nail keg or soap box, for $2.50; at about 
$3 if in a regular box hive; and from $4 to $10, according to the race, 
strength, and season, if in frame hives of standard patterns; a usual 
price is $6. The customer sometimes furnishes an empty hive to the 
bee keeper, in which to hive a swarm. Such swarms bring about $3. 


THE QUEEN TRADE. 


Besides a trade in colonies of bees, there are several persons in- 
terested in commercial queen rearing. All but three of these, how- 
ever, do a relatively local business. On account of late and cold 
springs, Massachusetts is handicapped in producing early queens for 
market which shall compete with those raised in the South. The 
prices prevailing throughout the country—75 cents, $1, and up—are 
charged for queens produced in Massachusetts. It is difficult to 
calculate just how many queens are reared for sale, but an estimate 
of 500 may not be far from correct. 


“ENEMIES. 


The only enemy which is formidable in all parts of the State, but 
which is not detrimental to progressive bee men, is the bee moth, 
Galleria mellonella L. This insect, however, has been credited by 
all the early apiarists, Langstroth included, with devastating, crip- 
pling, and practically annihilating the bee-keeping interests through- 
out New England. According to Edmund Smith,‘ it first took hold 
in eastern Massachusetts about 1800. In 1805 it reached Connecticut. 
Thence it spread westward. Writers—as, for instance, Smith—were 
formerly inclined to consider the moth as a formidable enemy. Smith 
says: “ For a time, wherever it appeared it nearly destroyed the bees. 
At first it was more fatal than it has been since.” The inroads of the 
moth led to all sorts of claptrap devices in the form of “ patent 
- hives ” to protect the bees from the pest. But there is serious doubt, 
in view of recent discoveries of the relation of moths and bee disease, 
if this historical disaster was really due to the moth. There is good 
reason to believe moths were secondary, while disease, not then under- 
stood, was primary. This matter is more fully discussed in a former 


@Smith, Edmund, Chairman. 1864. Bee Culture, Essex. From the report 
of the Committee on Bread and Honey. Abstract of the returns of the agri- 
cultural societies of Massachusetts. Bound together with Eleventh Annual 
Report of Secretary of Massachusetts Board of Agriculture, pp, 221-229. 
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paper.*. The moth does not materially damage strong, healthy 
colonies, but is a menace only to persons who are inattentive to their 
bees or who are careless, leaving empty combs about their hives and 
bee yards, and who fail to recognize and to treat bee diseases. 
Combs not in use or not covered by bees should be fumigated with 
carbon bisulphid and sealed in tight boxes for storage. 


DAMAGE TO THE BEE-KEEPING INDUSTRY BY THE GIPSY MOTH (PORTHE- 
TRIA DISPAR) AND BROWN-TAIL MOTH (EUPROCTIS CHRYSORRH@A ). 


Numerous complaints came from eastern Massachusetts, where 
gipsy and brown-tail moths are doing tremendous damage to forest 
and shade trees, that they were causing a loss to the apiarist as well. 
Damage is done both directly to the bees and indirectly to the honey 
flora. | 

From Cliftondale, Essex County, one bee keeper says that they 
have bothered during June and July by trying to crawl in at the 
entrance of his hives. Another speaks of the caterpillars having 
eaten up all the plants which the bees commonly forage upon, save 
golden-rod and burdock, and have thus caused a loss of his bees. 
Failure of his honey crop in 1906 is attributed to severe ravages of 
gipsy and brown-tail moths. The basswood of New England was 
formerly a good honey producer and could be counted upon for a 
crop, is a report from Melrose, but since the brown-tail and gipsy 
moths defoliated the trees it can no longer yield much. A Medford 
bee keeper contributes this interesting note: 

Gipsy and brown tails have so spoiled the fruit bloom, an important factor 
in spring building, that colonies fail to become sufficiently strong for the har- 
vest. The willow, maple, and elm, early pollen yielders, have also suffered from 
the moths, which has consequently damaged bee keeping. 

Another peculiar case is reported from Cliftondale. Brown-tail 
and gipsy moths were so thick on the trees when a number of swarms 
came out that the bees did not stay near the apiary. 

The trees were covered with them so that the bees would not stay to be 
hived. * * * In regard to the honey plants, the moths destroyed all the blos- 
~soms on the fruit trees and wild plants. Every place was covered with them 
each year from 1904 to 1906; the result is that there was no honey this year 
(1906), owing to so many of the fruit trees and honey plants being destroyed 


by the pest. 
BEE DISEASES. 


This subject has already been treated with some detail in a former 
paper.” Since the appearance of that paper, however, the extent of 
diseases and the damage they are doing have become more fully real- — 


“Gates, Burton N. 1908. Bee Diseases in Massachusetts. Bul. No. 75, Part 
III, Bureau of Entomology; Bul. 124, Mass. Agr. Exp. Station. 
‘Ibid, pp. 23-32; also Bul. No. 124, Agr. Exp. Station, Amherst, Mass. 
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ized. Consequently their general distribution has been found to be 
even greater than was then believed. 


BEE KEEPERS’ ORGANIZATIONS. 


Bee keepers’ societies, fairs, institutes, conventions, and the course 
of instruction in bee keeping at the Massachusetts Agricultural Col- 
lege at Amherst are strong factors in the advancement and progress 
of apiculture in Massachusetts. The societies bring together the 
practiced and proficient bee keepers in several sections of the State. 
The instruction at Amherst reaches a few, largely beginners, each 
year; conventions and institutes bring together the new and the old 
bee keepers from over a large area for consideration of present-day 
problems; the State and county fairs and agricultural shows educate 
the public and benefit the industry. 

There are at present two societies organized in the interest of pro- 
moting bee keeping. The oldest is the Worcester County Bee 
Keepers’ Society, organized April 14, 1900. Meetings are held 
monthly throughout the winter months. At least once each summer 
there is a field meeting and institute. Since 1906, in the fall of each 
year, a “ bee show ” or fair is held at Worcester, where are held com- 
petitive exhibits of bees, products, supplies, etc. There is usually a 
series of lectures in connection with the fair. 

The other society is the Massachusetts Society of Bee Keepers, 
which was organized March 24, 1906, when the Massachusetts Api- 
cultural Society was disbanded. Meetings are held in Boston once 
each month during the winter. 

Another society, to be called the Franklin, Hampshire, and Hamp- 
den Bee Keepers’ Association, was provisionally organized at an insti- 
tute meeting of the Massachusetts State Board of Agriculture at Lud- 
low, Mass., July 21, 1908. 


INSTRUCTION IN BEE KEEPING. 


At the Massachusetts Agricultural College, Amherst, there is given 
each year, beginning the fourth Wednesday in May and continuing 
two weeks, a course in apiculture, which is free to those who enroll. 
The course includes excursions to apiaries of peculiar interest, lec- 
tures, and practical demonstration and practice. 


CONVENTIONS. 


The Massachusetts State Board of Agriculture is exceedingly in- 
terested in promoting bee keeping and holds several institutes each 
year, usually with the bee keepers’ societies. Several papers on bee 
keeping, enumerated in the appended bibliography, have been pub- 
lished by the board. 

78013°—Bull. 75—11——8 
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SUMMARY. 


As early as 1644 the colonies made a beginning in apiculture in 
Massachusetts. More than two centuries passed, however, before 
modern bee keeping began, which came with the invention of the 
frame hive by Langstroth in 1853. To-day there are more than 2,100 
persons in the State who derive some profit from their bees. The 
bee keepers who reported in the spring count of 1906 had 5,839 col- 
onies, or an average of 5.5 colonies. Massachusetts needs fewer but 
more proficient bee keepers, who will undertake their work along 
business lines. The major part of Massachusetts is quite as inviting 
and promising as Vermont and New York State, where bee keeping 
is more profitably conducted. 

There are but three persons who report 75 to 100 colonies in their 
yards, and but two who have more than 100 colonies. The number of 
amateur bee keepers is reduced through the dropping out of 50 per 
cent of the beginners during the past five years. 

In the production of honey and possibly of wax the effect of an 
_excess of semiproficient bee keepers is again apparent. In 1906 the 
honey crop reported was 145,257 pounds, which is the largest recorded 
for the State. But this 1s small when it is remembered that in the 
West single individuals frequently produce in a single year from a 
quarter to a third more honey than Massachusetts’ total annual har- 
vest. The crop would have been materially heavier if those who 
reported had even approached the standard average of 35 pounds 
instead of having harvested only 24 pounds. This lowering of the 
average crop is In a large measure due to the great number of non- 
progressive small bee keepers and to the presence of bee diseases. 

The more important honey sources, as reported by the bee keepers 
in all parts of the State, are clovers, golden-rod and asters, fruit 
bloom, basswood, wild raspberry and blackberry, sumac, and locust. 
Some other plants, such as clethra and huckleberry, are of local 
importance and some listed as of minor importance are probably 
underestimated. 

The Italian race in varying degrees of purity is most popular. 
The German or “ black ” still persists, but is rarely found pure. 

Twenty-five per cent of the bee keepers still use box hives to some 
extent. ‘The presence of box hives is most noticeable in the back 
country, where modern methods penetrate less rapidly. Of the frame 
hive types, the one standard for the country, the Langstroth, is most 
generally used. 

The loss in the winter of 1906-7 was 16 to 17 per cent, which taxed 
the bee keepers nearly $5,000. By far the majority winter their bees 
on summer stands, protected in various ways or unprotected. A few 
take advantage of cellar wintering, but most of those who follow 
this practice are not especially proficient. 
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A thousand colonies or more are annually used in cucumber green- 
houses. Since practically all of these colonies are useless after com- 
ing out of the houses, there is a constant demand and sale for bees. 
Several greenhouse men use from 40 to 80 colonies a year. The 
average number reported is 8 colonies. In the sale of bees the several 
counties, exclusive of Barnstable, Berkshire, and Suffolk, sold in 1906 
approximately one-fifth of all their bees, spring count. In Plymouth 
County the sale amounted to 39 per cent. The total income amounted 
to between $5,000 and $6,000. The queen-rearing industry is limited 
to a few persons and late springs make it difficult to compete with 
southern producers. 

The chief enemy reported is the bee moth. There is great doubt, 
however, if the damage attributed is really and primarily due to it. 
There is, on the other hand, sufficient reason to believe that disease 
is primary and that destruction by the moth is secondary. Gipsy 
and brown-tail moths are also reported as interfering severely with 
apiculture in the eastern part of the State. 

Massachusetts is particularly fortunate and in some ways in 
advance of other communities in her bee keepers’ institutions. Not 
alone do local societies aim to promote bee keeping, but the State 
Board of Agriculture, State Experiment Station, and Agricultural 
Station as well, are deeply interested in the advancement of api- 
culture. 


A LIST OF THE MORE IMPORTANT ARTICLES ON BEE KEEPING IN 
MASSACHUSETTS. 
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Pea, Tangier. (See Lathyrus tingitanus.) 
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MISCELLANEOUS PAPERS ON APICULTURE. 


WAX MOTHS AND AMERICAN FOUL BROOD 


By beh Pris Pb Ds 
In Charge of Apiculture. 


INTRODUCTION. 


It has generally been held by bee keepers that, while the wax 
moths often cause considerable damage by destroying surplus 
combs and in other ways, they were not an unmixed evil, for by 
destroying combs infected with brood disease they were supposed to 
remove the infection. Text-books on apiculture and articles in 
various bee journals have repeatedly reiterated this statement. 
Evidently no person has seen fit to look into the question thoroughly, 
and it is the object of the present paper to record some observations 
_ which have been made. 

When a bee larva dies from infection of American foul brood, it 
decays rapidly, and the mass becomes ropy, so that if a small stick 
or pin is inserted in the decayed mass and removed, the larval mate- 
rial adheres to it and will string out for an inch or more. This 
ropiness of the dead larva is very characteristic of this brood dis- 
ease. Seemingly this ropiness makes it impossible for the bees to 
remove the infected material, and when the decayed mass dries down 
it forms a scale which adheres so tightly to the lower side wall of the 
cell that it can not be removed without tearing the wax wall. 

As the disease progresses in the colony the various cells of the 
brood chamber come to contain diseased larve and, later, scales 
formed of dried larve. It is probable that after a cell once comes to 
contain a diseased larva, it is almost impossible for another larva to 
reach maturity in a healthy condition, consequently the number of 
bees which reach the adult condition is constantly reduced and, as the 
old field bees die and are not fully replaced, the colony becomes weak- 
ened and finally dies out completely. 
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As long as the colony is strong the wax moths can do no damage, 
but as the bees decrease in number the combs offer a foothold to one or 
other of the moths and within a very short time the whole hive is one 
mass of wax moth tunnels, larval excreta, and cocoons. The combs 
are completely destroyed and nothing remains but the web and a mass 
of débris on the hive bottoms. If the moth larve actually ate the 
infected material, they would serve to remove the infection where the 
bee keeper 1s too careless to do so—as is too frequently the case. 

The two wax moths differ greatly in their habits in some respects, 
but 1t is not the purpose of this paper to discuss these points. The 
large wax moth (Galleria mellonella lL.) is the most widely dis- 
tributed and is found in practically every part of the United States. 
and probably wherever the honey bee is now kept. The lesser wax 
moth (Achrova grisella Fab.), on the other hand, is not so widely dis- 
tributed, but it is known to exist in various localities in this country. 


WORK OF THE LARGE WAX MOTH. 


(Galleria mellonella L.) 


_ Plate I is from a photograph of a comb, infected with American foul 
brood, on which larvee of the large wax moth were placed. The comb 
was placed in a box to exclude light and was laid flat on a piece of 
paper. The larve at first worked on the under side of the comb, but 
gradually they got to the upper surface. It will be noticed that in 
one part of the comb the lower side walls of the cells remain intact; 
here the dried-down scales of American foul brood were thickest, and 
evidently this was the center of the brood during the time of infection. 
The remainder of the area formerly occupied by comb is nothing 
but débris, with a few scales scattered here and there. Evidently 
only where scales are thick do they hold together enough to stand 
upright. To show how the scales stand up, the web was removed 
from the surface. The background of the photograph is merely a 
piece of paper. | 
Plate II is a photograph of a rough box used for a hive during 
some experiments in producing American foul brood by the feeding 
of pure cultures of Bacillus larve. The five frames of this small 
hive contained thousands of the dried-down scales so characteristic 
of this disease. The box was put away in a closet and the large wax 
moth got into it, with the result that all the combs were completely 
destroyed. The webs and empty frames were removed for this photo- 
graph. The black mass in the bottom of the box is composed of 


@Circular No. 94, Bureau of Entomology, entitled, “The Cause of American 
Foul Brood,” by Dr. G. F. White. Issued July 29, 1907. 
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HIVE INFECTED WITH AMERICAN FOUL BROOD, THE FRAMES REMOVED TO SHOW WORK 
OF THE LARGE WAX MOTH (GALLERIA MELLONELLA). (ORIGINAL.) 
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larval feces and scales in about equal proportion by volume. On ac- 
count of the reduction of the photograph the scales do not appear 
plainly; nevertheless, this demonstrates what becomes of the scales 
of American foul brood in a set of combs destroyed by Galleria mel- 
lonella. A few scales are seen placed on a card resting on the mass of 
feces and scales. 

Mr. Burton N. Gates, of this Bureau, took some of these scales and 
put them in a small box with small larve of Galleria mellonella. 
The scales remained untouched and the larve died, evidently of 
-starvation. 


WORK OF THE LESSER WAX MOTH. 


(Achroia grisella Fab.) 


Plate III is a photograph of a comb taken from a colony which had 
died of American foul brood. It was obtained by the author in June, 
1906, near Fillmore, Ventura County, Cal., and is of interest as com- 
ing from an apiary which in less than two years had been reduced 
from about 200 colonies to 15 by the ravages of this disease. When 
the apiary was visited there were 151 hives in place, and of these 136 
contained no bees. This comb was wrapped up and put away for 
future study, but became infested with Achroia grisella. Whether 
it contained eggs when taken in the apiary or whether the moths 
entered after the comb reached Washington is not known. 

It is obvious from this illustration that the larve have not eaten 
the scales formed by dried-down larve which died of American foul 
brood. This comb was not cleaned of webs and illustrates very nicely 
the characteristic work of this moth. 

After the photograph was taken the scales were picked out of the 
frame and this material was used in some of the inoculation experi- 
ments recorded in Circular No. 94; obviously, therefore, the material 
was still infectious. 


CONCLUSION. 


In the control of brood diseases of bees the constant reinfection of 
apiaries from diseased combs of colonies in a wild state is one of the 
things which must be combated constantly. It is not difficult for a 
bee keeper to rid his own apiary of disease, but he must constantly 
watch for an introduction of the disease from wild bees or an adjoin- 
ing apiary. If then the wax moths actually destroyed the infected 
combs of wild colonies or of colonies in the apiaries of careless bee 
keepers, they would be a benefit to the industry to that extent. Nat- 
urally if the moth larve eat out everything except the scales and these 
drop to the bottom as shown in Plate II, they are less available to 
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other bees. If sufficiently covered with débris, they are to some extent 
removed from robbing workers. 

These results prove conclusively that the two wax moths, Galleria . 
mellonella and Achrowa grisella, do not eat the scales formed from 
larvee which have died of American foul brood. It is clear, therefore, 
that infectious material in a colony dying of this disease remains even 
after the comb is destroyed. The one point in favor of these moths, 
from a bee keeper’s standpoint, is therefore disproven. 
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MISCELLANEOUS PAPERS ON APICULTURE. 


BEE DISEASES IN MASSACHUSETTS. 


By Burton N. GATES, 


Hapert in Apiculture. 


INTRODUCTION. 


In Massachusetts bee keeping is not an industry conducted by a 
few, as in the Hawaiian Islands, where four corporations harvested 
600 tons of honey last year; but there are more than 2,100 men who 
derive some profit from their bees and who have interests at stake. 
There is besides, a vast, concentrated, and steadily increasing popu- 
lation which, fortunately for bee keepers, provides an almost unlim- 
ited home market. In order to point out the status of the industry, 
the writer estimated in 1904, that two tablespoonfuls of honey per 
person as a year’s ration is all that is now consumed, and of this less 
than one-fourth is produced in Massachusetts. Theoretically it is 
possible for Massachusetts to support approximately 40,000 colonies 
of bees, which could more than equal in amount Hawaii’s honey crop 
for last year. There is reason to believe, however, that bee keeping, 
if it is not actually decreasing, is not progressing along with the 
steadily increasing population of the State. This is borne out by the 
general feeling among the country people that to-day there are fewer 
bees kept on the farms than there were fifty years ago. 

One of the fundamental reasons for this condition may be found in 
the presence of brood diseases of bees, which exist in practically every 
quarter of Massachusetts and Connecticut, as well as in the other New 
England States, and which from time to time have doubtless killed 
out the bees in many localities. There is undeniable proof of this; 
furthermore, from evidence of former outbreaks it must be concluded 


a Bee Keeping: How to Meet its Dangers and Difficulties. By Burton N. 
Gates, with suggestions by Prof. C. F. Hodge. Fifty-second Ann. Rept. Sec. 
Mass. St. Bd. Agric., pp. 411-426, Boston, 1905. Massachusetts Crop Report, 
' Vol. 17, No. 6, October, 1904, pp. 30-40. Boston, 1904. 
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that their introduction is not recent. This evidence is not merely the 
result of bee keepers’ reports or of more or less semiauthoritative and 
indefinite rumors, but it is based upon results of bacteriological find- 
ings in numerous samples of brood comb sent to this Bureau by the 
bee keepers in the State during the past year and a half. Under 
these conditions bee keeping can not be brought to the high degree of 
perfection which is possible. No factor in bee keeping tends to limit 
the industry as do epidemics of such diseases; they cause bee keepers 
to become discouraged by “ bad luck” and to lose interest in their 
bees. The “luck” must change; the bee keepers must learn the 
nature of the diseases, where they exist, and how to combat them; 
otherwise the industry will decrease even more. 


THE TWO KNOWN BEE DISEASES. 


Two contagious brood diseases of bees are now known. These 
attack the developing brood and so reduce it that the colony soon 
dwindles from lack of young bees to replace the old. They are 
known, respectively, as American foul brood and European foul 
brood. 


AMERICAN FOUL BROOD, 


The cause of this disease is definitely known to be an organism, 
Bacillus larve White. It is what has been heretofore frequently 
designated simply as “ foul brood.” The nature of the disease is 
described by Dr. E. F. Phillips, in charge of apicultural investiga- 
tions in this Bureau,’ as follows: 


When the larve are first affected they turn to a light chocolate color, and 
in the advanced stages of decay become darker, resembling roasted coffee in 
color. ° Usually the larve are attacked at about the time of capping, and most 
of the cells containing infected larve are capped. As decay proceeds these 
cappings become sunken and perforated, and, as the healthy brood emerges, the 
comb shows the scattered cells containing larvze which have died of disease, still 
capped. The most noticeable characteristic of this infection is the fact that 
when a small stick is inserted in a larva which has died of the disease, and 
slowly removed, the broken-down tissues adhere to it and will often stretch 
out for several inches before breaking. When the larva dries it forms a 
tightly adhering scale [of characteristic and diagnostic shape and] of very 
dark brown color, which can best be observed when the comb is held so that a 
bright light strikes the lower side wall [of the cell]. Decaying larvze which 
have died of this disease have a very characteristic odor which resembles a poor 
quality of glue. This disease seldom attacks drone or queen larve. 


EUROPEAN FOUL BROOD. 


This is the disease which appears to be most prevalent in Massa- 
chusetts, probably having swept in from New York State, where it 


@The brood diseases of bees. By KE. F. Phillips, Ph. D. Circular 79, Bureau 
of Entomology, U. 8. Department of Agriculture, pp. 1-2, 1906. 
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was formerly known as “black brood.” Its presence is less easily 
diagnosed by superficial examination than is American foul brood. 
It is described by Doctor Phillips® as follows: 

This disease attacks larvee earlier than does American foul brood, and a 
comparatively small percentage of the diseased brood is ever capped. The dis- 
eased larvze which are capped over have sunken and perforated cappings. 
The larve when first attacked show a small yellow spot on the body near the 
head and move uneasily in the cell. When death occurs they turn yellow, 
then brown, and finally almost black. Decaying larvee which have died of this 
disease do not usually stretch out in a long thread when a small stick is 
inserted and slowly removed. Occasionally there is a very slight “-ropiness,” 
but this is never very marked. The thoroughly dried larve form irregular 
seales which are not strongly adherent to the lower side wall of the cell. 
There is very little odor from decaying larve which have died from this dis- 
ease, and when an odor is noticeable it is not the “ glue-pot ” odor of the Ameri- 
ean foul brood, but more nearly resembles that of soured dead brood. This dis- 
ease attacks drone and queen larve very soon after the colony is infected. It is 
as a rule much more infectious than American foul brood and spreads more 
rapidly. On the other hand, it sometimes happens that the disease will dis- 
appear of its own accord, a thing which the author never knew to occur in 
a genuine case of American foul brood. European foul brood is most de- 
structive during the spring and early summer, often almost disappearing in 
late summer and autumn. 


DAMAGE FROM BEE DISEASES. 


The damage from an epidemic of bee disease is as difficult to esti- 
mate as is the damage from an epidemic of smallpox, of typhoid 
fever, or of malaria in a human community. The loss of colonies 
is but one small item; there is the resulting loss of crop, the result- 
ing lack of increase in the number of colonies of bees, and that demor- 
alizing effect on the industry which tends to cause bee keepers to go 
out of business. Besides this there is a crippling of commercial queen 
rearing, a check on the trade in bees, and a decrsive effect on the 
manufacture and sale of bee keepers’ supplies. All these factors 
must be considered in an estimate; and, what is more, the damage is 
accumulative. It can not be calculated by the year and then totaled 
the progressive loss must be figured. 

In New York State, where Sigeronettl foul brood has been com- 
bated for nearly a decade, and where it is now well suppressed, 
has been estimated that the damage from loss of bees alone, in a 
very limited area, in 1899 and 1900, was at least $45,000. 

In Ventura County, Cal., where American foul brood flourishes, a 
thriftless bee keeper had 151 colonies which, from neglect, were re- 
duced to 14 colonies in a little over twelve months’ time. One hun- 
dred and thirty-seven colonies had died or were nearly dead. But 
there are many more and even sadder cases, were there space to relate 
them. 


“'The Bhat diseases of ae oe EK. I. Phillips, Ph. D. Circular 79, Bureau 
of Entomology, U. S. Department of Agriculture, p. 2. 
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PRESENT EXTENT OF BEE DISEASES IN MASSACHUSETTS. 
The extent of bee diseases in Massachusetts may be readily seen on 
the map. The towns in which they are positively known to occur 
are listed below in black-faced type. Towns in which they probably 
exist are listed in lighter-faced type. 
Table showing the towns in which the bee diseases respectively occur. 


| Black-faced type indicates where disease is positively known to exist. Light-faced 
type indicates that disease is probably present. } 


American foul brood. European foul brood. 

Bristol County: Worcester County: Berkshire County: | Hampshire County: 
Acushnet. Brookfield. Great Barring- Belchertown. 
Freetown, Charlton. ton. Greenwich. 
New Bedford. Leominster. Lee. Worcester County: 
Westport. Sturbridge. Sandisfield. Auburn. 

Essex County: Southbridge. Sheffield. Barre. 
Amesbury. Warren. Franklin County: Brookfield. 
Salisbury. Worcester. Deerfield. Charlton. 

Hampden County: Greenfield. Hardwick. 
Brimfield. Montague. New Braintree. 
Ludlow. Northfield. Southbridge. 
Monson. Hampden County: Sturbridge. 
Springfield. Blandford. Warren. 
Wilbraham. Brimfield. Worcester. 

Hampshire County: Ludiow. 

Belchertown. Monson. 
Middlesex County: Springfield. 
Marlboro. Wilbraham. 


The distribution of these diseases is based, as is explained, on bac- 
teriological findings in numerous a of suspected brood, sub- 
mitted by the bee keepers during the past year and a half. The 
examinations were made by Dr. G. Franklin White, expert in bacte- 
riology, of this Bureau. In plotting the regions where disease is 
thus definitely known to exist a solid red color has been used. Index 
letters, A for American foul brood and E for European foul brood, 
show which disease is present in each locality. 

Besides these definite data there are in the Bureau of Entomology 
a great number of reports from bee keepers throughout Massachu- 
setts, which, without the definite knowledge from the bacteriological 
examinations, would be of slight significance and importance, but 
which, in conjunction with these findings, are of the greatest value. 
They indicate regions of probable infection, which are shown on the 
map in lighter tone. 

As an illustration, a bee keeper who lives in Acushnet reports, “ I 
lost all my bees, thirty swarms, at once.” This bare statement is of 
shght import; but taken together with the fact that American foul 
brood occurs in Freetown, it would indicate that American foul brood 
is distributed throughout southern Bristol County. Another illus- 
tration is found in Worcester County. Bacteriological examination 
shows that in Auburn and Worcester both European foul brood and 
American foul brood exist. A bee keeper from Barre reports that in 
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the year 1902. or 1903 he lost forty-five colonies of bees. From East 
Brookfield and Charlton, from New Braintree, Sturbridge, and War- 
ren, all located around and adjoining Worcester and Auburn, reports 


of heavy loss of bees, not alone by one bee keeper in a town but by 


several, are at hand. <A bee keeper in Warren says, “ Bees all died 
about five years ago; I had nine colonies which I lost; Mr. lost 
about five colonies also, as did others, so that at the present day only 
three to four colonies remain in town.” Similar reports come from 
across the county and Connecticut State lines adjoining this section 
of Worcester County. It is highly probable, then, considering the 
positive knowledge of foul brood in Worcester and Auburn and con- 
sidering collectively the widespread and yet individual reports from 
the country about these two towns, that these diseases are present 
throughout this section of Massachusetts and Connecticut. In other 
parts of the State similar conclusions are obvious. 7 

Considering the distribution as a whole, it 1s apparent that Euro- 
pean foul brood has swept in from New York State, where the 
disease has existed for years. Moreover, were the bees in western 
Massachusetts systematically examined, this portion of the State 
would doubtless be found thickly infected with European foul brood. 
American foul brood in Connecticut has apparently invaded Litch- 
field County in the western half of the State. In Massachusetts, 
on the other hand, and in one small area in New Hampshire, where 
there is less thorough information, American foul brood is largely 
confined to the eastern half of the State. Ultimately, when more 
information is at hand, if decisive and immediate steps to suppress 
these diseases are not taken, Massachusetts, as well as the rest of New 
England, will undoubtedly reveal a mass of infection. 


EVIDENCE THAT BEE DISEASES WERE NOT RECENTLY INTRO- 
DUCED INTO MASSACHUSETTS. 


In 1828 Dr. James Thatcher wrote (p. 4) :¢ 


The destructive ravages of the bee-moth have in many places almost anni- 
hilated our bee establishments and discouraged all attempts to renewed trials. 
No less than a hundred hives have, the past season, been entirely destroyed 
by that enemy within the towns of the county of Plymouth, and in places 
where a single hive has yielded one hundred pounds of honey. 


At first reading this might appear, so far as bee diseases are con- 
cerned, of shght import. General experience shows, however, that 
strong, healthy colonies of bees are seldom if ever destroyed by 
wax atin the presence of the latter being secondary as a result of 
a weakened condition of the colony from loss of its queen, disease, 
or the like. Consequently, wherever there is extensive complaint of 
damage from moths, there the presence: of disease is to be suspected. 


@A Practical Treatise on the Management of Bees. * * * By James 
Thacher, M. D., Boston, 1829. 


i 
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In 1831, again, Dr. Jerome V. C. Smith“ says (p. 41): 

Great lamentations are heard about the bee-moth, * * * whose devasta- 
tions in the New England States have been described as something frightful. 

More specifically he says (p. 43): 

In the interior of Massachusetts, New Hampshire, and Connecticut the 
farmers have become heartily discouraged in their attempts at cultivation, and 
lamentably appear to have abandoned them entirely. 

Such reports strongly suggest that some unknown agent, as dis- 
ease, depleted the bees and made them subjects for the devastations 
of bee moths. Even at that early date Doctor Smith intimates 
(p. 41) that all the damage “attributed to it [the bee moth]... 
admits of some doubt.” Without being conclusive, such evidence 
must be accepted as strongly indicative of the existence of disease, 
probably of American foul brood, in Massachusetts. 

About 1896 the writer saw in Worcester a hive in which the bees 
had died from some affection of the brood. It was diagnosed then 
as a disease which is now designated as American foul brood. Only 
one hive out of several was affected. 

European foul brood, on the other hand, is of more recent intro- 
duction in the State. It was first recognized in New York State in 
1895, where it is thought to have been introduced in importations of 
bees from the south. As the map shows, this disease has probably 
spread into Massachusetts from New York. 

The late Mr. James F. Wood, of North Dana, noticed in the Con- 
necticut and Swift River valleys of Massachusetts a brood disease 
of bees which made its appearance in that region about 1901. It 
did much damage, destroying all the bees in the yards where it 
appeared; but, as it was apparently not American foul brood, Mr. 
Wood regarded it as a new disease. From a description made in an 
address before the Worcester County Bee Keepers’ Association by 
Dr. James B. Paige,’ of Massachusetts Agricultural College, who 
was Closely associated with Mr. Wood and who made a study of 
the disease, it would appear to have been European foul brood. 
Being first observed in Massachusetts in 1901, it would have had 
ample time to have spread from New York State. 

With so little recorded data, it is dificult to draw positive con- 
clusions regarding the distribution of these diseases in years gone 
by. It is far more important, however, to realize that they have 
existed in the State for a considerable time, that they have been 
and are a decided check on the progress of bee keeping, but that 
they can now be counteracted. 


@An Essay on the Practicability of Cultivation of the Honey bee * * *, 
By Jerome V. C. Smith, M. D., Boston, 1831. 
’ Wood’s Bee Disease. American Bee Keeper, Vol. 16, pp. 69-70, 1906. 
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THE SPREAD OF BEE DISEASES. 


Both types of foul brood are highly infectious; the way in which 
they are spread might be compared to the spread of typhoid fever in 
human communities. Honey is the common carrier of this infection, 
just as milk and water are the agents which frequently spread typhoid 
fever. | 

In diseased colonies of bees, practically every part of the hive 
becomes contaminated with the germs of the disease. Consequently, 
when disease is found in the bee yard, every precaution must be 
taken that bees from healthy colonies do not come in contact with 
any part of the diseased colonies or hives. Honey, being so irre- 
sistible to the bees, is of course the main thing to be guarded. Since 
diseased colonies soon become weakened, from the lack of young bees 
to replace those dying from old age, they are less likely to maintain 
guard against robbers, which are a great source of danger in the 
spread of infection. Immediately on discovery, diseased colonies 
should be treated. 


FEEDING HONEY. 


In these days of widespread bee disease it 1s dangerous to feed 
any honey to bees; it is far preferable and less dangerous to supply 
them, if they need stores, with a sirup of sugar and water, half and 
half. It is safe to feed honey to bees only when it has been vigorously 
boiled for at least a half hour, and, as Doctor Phillips has recently 
stated,* in order to avoid risk, “it is better to make this an hour ” 
(p. 12). In boiling, the honey should always be diluted with equal 
parts of water in order to prevent scorching. 


DISINFECTION OF TOOLS AND HANDS. 


All tools used in manipulating diseased bees, as well as the oper- 
ator’s hands, should be thoroughly disinfected before opening a 
healthy colony. : 


DEPLETED HIVES FROM GREENHOUSES A SOURCE OF DANGER. 


In Massachusetts particularly there is another source of infection 
which is difficult of control. Each year several hundred colonies 
of bees are placed in greenhouses by those who grow cucumbers under 
glass. In the adverse conditions of the cucumber house the hive 
soon becomes depleted and is promptly thrown on the rubbish pile. 
If the hive originally came from a foul-brood region—which is not 


@The production and care of extracted honey. By E. F. Phillips, Ph. D. 
Bul, fo, Pt. I, Bur. Ent., U. S. Dept. Agric., 1907. Price 5c, from Superin- 
tendent of Documents, Washington, D. C, 
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improbable, inasmuch as the greenhouse men buy their bees wherever 
they can get them—all the bees within a radius of several miles of 
the rubbish pile are exposed. More than once the writer has seen 
from two to a half dozen such hives cast out on the rubbish heap. 
While there is no intention of endangering neighbors’ bees, it is as 
criminal to throw out of doors any hive in which bees have died as 
it is to shake the bedding or throw the waste of the sick room from 
the window. Discarded hives and their contents, if the cucumber 
grower does not wish to render the wax, should be thrown under the 
boiler. 
PURCHASING BEES AND QUEENS. 


In purchasing bees the buyer should be as certain that he is getting 
stock free from disease as is the farmer, who purchases cows, that 
these have no tuberculosis. A region where the disease is not found 
or where it has been successfully suppressed can be reinfected by 
one careless purchase. For instance, speaking of New York State, 
Mr. Charles Stewart says: ¢ 

Just as we [the inspectors] were feeling that we had nearly stamped it [the 
disease] out and were masters of the situation we discovered that at least one 


if not two fresh importations had been made in a section of the State where 
no trouble of this kind [European foul brood] formerly existed (p. 55). 


To some degree this applies to purchasing queen bees. It is usually 
safe, however, to introduce a queen if she is removed from the cage 
in which she is mailed and is introduced unaccompanied by her escort 
of workers. The candy which is shipped with queens should never be 


put into a hive. 
STRAY BEES. 


There is one agent over which the bee keeper has no control and 
which should cause him no anxiety if a considerable territory is 
freed of the diseases. It is a well-known fact that under certain con- 
ditions, as, for instance, in storms and heavy winds, bees enter hives 
other than their own. Obviously, then, such bees in their interchange 
of hives may spread the infection. This only emphasizes the urgency 
of cleaning the disease out of a whole State, or, better, out of a block 
of States, as New England. Cooperation is the key to the situation. 


BROOD DISEASES CAN BE CONTROLLED. 


Enumeration of the methods by which disease is spread should 


not convey the idea that these diseases can not be combated, for it 
has been thoroughly demonstrated that by judicious and persistent 
manipulation both of them can be successfully controlled and sup- 


“Report of the Meeting of the Inspectors of Apiaries, San Antonio, Tex., 
November 12, 1906. Bul. 70, Bur. Ent., U. S. Dept. Agriec., 1907. 
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pressed. The rapidity with which they spread, however, makes co- 
operation of bee keepers throughout the State or States essential. 
Sixteen States and Territories“ now have legislation and inspectors 
designed to protect the bee keepers from the spread of these infectious 
diseases. The State nearest to Massachusetts is New York, where 
the annual loss of bees alone is shown in the following figures: ” 


Previous to 1899, in a limited area, the loss of bees alone is estimated 


I kU a ks Ss SLE ge) Re, $39, 383 

In 1899, when concentrated effort to suppress bee diSease was begun, 
TEE oe Lp cs a pice a, fee ie pe ee 25, 420 
NII ce Take bP tn ee eel 2 Se eS i 20, 289 
Le SE ai sce RINE Se ee ea ee eo 10, 853 
In 1903 the loss of the previous year was halved, making it__________ 5, S6O 
RI ee rie gh SR eR ee ee 4, 741 
eer was asain divided by two, being... _.- _-§-___.. -._ 2g ae 
In 1905 there was again a reduction of nearly 50 per cent_____+______ 1, 725 
Total loss of bees, covering about ten years__._________-______ 110, 491 


In other States the encouraging results of inspection and_per- 
sistent effort to suppress the inroads of disease are similar. 


INSPECTION. 


Inspectors are not alone police officers. They are educators, up-to- 


date bee keepers giving instructions in modern methods of bee keep- 


ing, thoroughly experienced in treating foul brood, and a great stim- 
ulus to progress. They are necessarily exacting and thorough; but 
they are not out to seize and condemn; their aim is to help the bee 
keepers, to assist them in a cooperative effort to eradicate disease, and 
to promote bee keeping. Of course the individual can do much for 
himself by keeping his own yard clean and free from infection; but 
he is in constant danger of reinfection from his neighbors, if they 
fail to cooperate with him. 


A BRIEF ACCOUNT OF TREATMENT FOR BROOD DISEASES. 


Those who are most experienced in the suppression of brood dis- 
eases are agreed that “ shaking,”’¢ which is practically “ shook swarm- 
ing,” and modifications of this process are the only successful methods. 


— 


4 The legislation empowering this inspection in twelve of these States and Ter- 
ritories is reprinted from Bul. 61, Bur. Ent., issued November 5, 1906, and en- 
titled “The Laws in Force Against Injurious Insects and Foul Brood in the 
United States,” compiled by L. O. Howard and A. F. Burgess. 

’ These figures are afforded by a compilation made in 1905 by Mr. Charles 
Stewart from the records of the commissioner of agriculture of New York 
State. - 

¢'The various treatments are described by Dr. E. F. Phillips in Circular 79, 
of this Bureau, mentioned above. 


32 MISCELLANEOUS PAPERS ON APICULTURE. 
SHAKING. 


Shaking is briefly this: As soon as a colony is discovered dis- 
eased, and at a time when there would be no robbing, it is shaken on 
the old stand into a hive containing new frames with narrow strips 
of foundation. In this way none of the contaminated honey is de- 
posited in the new cells. Should the disease reappear, which is some- 
times the case, the operation must be repeated. In order to prevent 
the bees from swarming out, the queen may be caged in the hive for 
a few days or the entrance closed with a piece of queen-excluding 
zinc. Care should be taken not to scatter parts of the contaminated 
hive, particularly the honey, where bees can get at them. 


DISINFECTION OF HIVE MATERIALS. 


Honey, unless it has been boiled as above described, should never 
be fed back to bees. Wax, however, after being rendered and manu- 
factured into foundation, is commonly used without apparent dan- 
ger. It is customary in the East to put bees back into hives which 
have formerly contained diseased colonies, after they have been 
thoroughly cleaned of all bits of wax and honey. In the West, how- 
ever, the hives are either burned out with oil, with a, blue-fiamed 
torch, or are disinfected with strong chemical disinfectants. All 
frames should be burned, since it does not pay to clean them. 
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THE RELATION OF THE ETIOLOGY (CAUSE) OF BEE DISEASES 
TO THE TREATMENT.’ 


By G. EY Ware, Ph, D.; 
Hapert in Bacteriology. 


INTRODUCTION. 


Bee keeping is not an industry which brings a fortune to a few, but 
is one the profits of which add comfort to 700,000 homes in Amer- 
ica. This industry, which is a pleasure and a profit to so many, is 
beset with difficulties. One of the greatest obstacles encountered 
in the successful pursuit of bee keeping is disease. There are a num- 
ber of diseases which attack the honey bee. Those which cause the 
greatest loss attack the brood. These diseases are known to the bee 
keeper as American foul brood, European foul brood, and pickled 
brood. Considerable loss is sustained also from paralysis and dys- 
entery. Other disorders of less importance are sometimes encoun- 
tered. If the apiarist is to treat these diseases effectively, he should 
become as familiar as possible with their etiology. Therefore this 
opportunity has been chosen to discuss the causes of bee diseases, as 
far as they are known, and to emphasize the importance of such 
knowledge in the treatment. 

The word “ disease ” is made up of two parts, “ dis,” referring to 
a negative condition, and “ ease,” meaning a state of rest. By com- 
bining the parts we have the very appropriate word meaning a nega- 
tive state of rest. We are all familiar with health, which is the 
state of rest. It is the condition which we experience when all the 
organs of the body are, so to speak, in a state of equilibrium. Any 
departure from this state of health is disease. You should remember 
that disease is alike in nature in all the animal kingdom and differs 
only in kind. 

To understand best the nature of disease we must study the causes 
of disease. A number of factors may combine and be responsible 
for a diseased condition. This group of factors is known as the 
“etiology.” Etiology, then, means the causation of disease. Let us 
further consider the etiology of disease and use bee diseases largely 
as illustrations. 


“Read at the meeting of the National Bee-Keepers’ Association, Detroit, 
Mich., October 14, 1908. 
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ETIOLOGY (CAUSE) OF DISEASES. 


Every abnormal condition in the body of an animal which we 
know as disease has a cause which has brought about such a condi- 
tion. In most of the diseases of man and the higher animals compar- 
atively little 1s known of the cause. Likewise, and unfortunately, 
the same is true of bee diseases. Gradually but slowly new faets 
about all diseases are added to our knowledge, the unfortunate thing 
being that so many statements are reported as facts which have never 
been demonstrated to be true. 

In the study of the etiology of a disease and in the discussion of it, 
it is convenient to divide the causal factors into predisposing and 
exciting. Under the predisposing causes which may be considered 
as factors in bee diseases we have age, sex, race, heredity, climate, 
and preexisting disease. Under the exciting causes we may consider 
food and micro-organisms. 

To illustrate, let us consider the different factors just mentioned. 


. PREDISPOSING CAUSES. 


AGE. 


In our experience with human diseases we have learned to expect 
scarlet fever, measles, mumps, and whooping cough more often in 
children than in adults; typhoid fever and appendicitis in young 
adults; and cancer in those more advanced in life. In bee diseases 
we expect European foul brood to attack larve that are younger 
than those which suffer from American foul brood. We expect the 
so-called “ pickled brood” to die just before or after capping, while 
paralysis is, as far as we know, a disease of adult life. 


SEX. 


Of some importance in the etiology of human diseases is the factor 
sex. Inflammatory rheumatism, gout, and diabetes, for example, 
occur more frequently in men, while goiter and hysteria are more 
frequent in women. In bee diseases we expect in American foul 
brood to find the worker larve more often attacked than the drone, 
while in European foul brood this difference, 1f it exists, does so 
only to a shght degree. 


HEREDITY. 


You are all familiar with the fact that heredity is considered as 
an important predisposing factor in tuberculosis, cancer, gout, in- 
sanity, etc. It is interesting that in the so-called “* pickled brood ” 
there is some evidence which indicates that heredity plays an im- 
portant role. 
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RACE. 


Racial immunity is a rather interesting factor in the study of 
human and animal diseases. The negro, for example, seems to pos- 
sess considerable immunity in gout and diabetes compared with the 
white race. Sheep ordinarily are very susceptible to anthrax, but 
there is an Algerian race of sheep which is immune to this disease. 
Some bee keepers believe that race is an important factor in bee 
diseases, but comparatively little is definitely known on this phase 
of the etiology. 

CLIMATE. 

That human diseases are more frequent in some climates than in 
others is a fact familiar to us all; that climatic conditions play a 
part in bee diseases seems to be quite probable. 


PREEXISTING DISEASE. 


Preexisting disease has very little, if anything, to do with bee dis- 
eases. By preexisting disease we mean that when an individual 
passes through an attack of a disease the disease predisposes that indi- 
vidual to other diseases. This is illustrated in various human and 
animal diseases. In bee diseases we do not know whether any larva 
or pupa ever recovers sufficiently from an attack of disease to con- 
tinue its development and emerge as an adult bee. Many bee keepers 
think that adult bees in American foul-brood colonies are less active 
than in normal colonies. Whether or not they suffer from disease we 
do not know. It is possible, but not so probable, that they have suf- 
fered a light attack of disease while in the developmental stage and 


emerged as adult bees with weakened organs which do not perform a 


normal function. If this were true, it would illustrate the impor- 
tance of preexisting disease as a predisposing factor in etiology. 
Having thus briefly considered some of the more important pre- 
disposing causes which enter into the etiology of bee diseases, let us 
consider two of the more important exciting causes—food and micro- 
organisms. 
EXCITING CAUSES. 


Foon, 
The character of food is believed by many bee keepers to be an ex- 


citing factor in dysentery. Should the food contain poisons, grave 
results might follow. Some attribute paralysis to the character of 


the food, but this is far from a demonstrated fact. 


MICRO-ORGANISMS. 


By micro-organisms we mean those living plants and animals which 
are very small and must be magnified greatly before they can be seen. 
Those which are to receive our attention are bacteria, protozoa, and 
fungi. 
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Bacteria.—We have now come to the consideration of that factor 
in the etiology of bee diseases which is most important and with 
which we would have the bee keepers become familiar. The annual 
loss sustained by the bee keepers of this country due to the one cause, 
bacteria, 1s to be reckoned in millions. It is unfortunate that it is 
necessary to use the word bacteria, because too many at once think 
that they are not able to understand anything about bacteria. This 
is a mistaken idea. It is not difficult to understand the facts about 
them which are most important in the treatment of disease. It might 
be well to review here some of the things known concerning their life 
history. 3 

Nearly two years ago the writer had the honor of reading a paper 
at a meeting of bee inspectors held at San Antonio, Tex., upon the 
subject of the bacteriology of bee diseases. This paper appears in 
Bulletin No. 70 of the Bureau of Entomology of the United States 
Department of Agriculture, page 10. In it are discussed briefly the 
nature of bacteria, their distribution, the methods of studying them, 
and the results of their activity. It is stated that bacteria—often 
called germs, microbes, and parasites—-are very small plants; so 
small, indeed, that 12,000 placed end to end measure but 1 inch. They 
increase in number with marvelous rapidity. Under favorable condi- 
tions each bacterium in twenty minutes becomes two. At this rate 
countless millions are formed in twenty-four hours. As the soil be- 
comes exhausted in which they are growing many species form spores 
which are in a way comparable to the seeds of higher plants. These 
spores are very difficult to destroy by heat and other disinfectants. 
It is well to remember, concerning the distribution of bacteria, that 
they are found in very large numbers everywhere about us, but that 
most of them are as harmless as the vegetables we eat. But should 
there be introduced into an apiary, for example, the species of bacteria 
which causes American foul brood, then the brood becomes exposed 
to the disease and will probably contract it. 

The study of bacteria must be carried on for the most part in the 
laboratory. By the use of the microscope we are able to tell the 
genus (e. g., Bacillus) to which an organism belongs, and by specially 
prepared media, or soils, we are able to determine the species to which 
it belongs (e. g., alvez). 

Having determined these things about bacteria, we are interested in 
finding out what they are capable of doing. We learn that some do 
good, as, for example, in bringing to decay the remains of dead ani- 
mals and plants, while other species do harm by their ability to pro- 
duce disease or death in the animals in which they are able to gain 
entrance. The disease American foul brood, which causes the great- 
est loss to the bee-keeping industry, has been demonstrated to be 
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caused by bacteria. Above all, you should understand that the death 
of the brood is due to one species of bacteria growing in the larve. 

Protozoa.—In contrast to bacteria, the protozoa belong to the ani- 
mal kingdom. They. are very small unicellular animals. Many 
species are harmless, as are many species of bacteria, while some 
species have the power to produce disease. They produce disease 
and death in a manner very similar to bacteria; that is, by growing 
in the body of a living animal. As far as we know, none of the bee 
diseases 1s due to protozoa. One investigator described what he 
thought was a protozoon and named it Spirocheta apis. It was 
shown that he made an error in his observations. Therefore there is 
no Spirocheta apis and no protozoon, as far as we know, which 1s 
pathogenic to bees. 

Fungi.—The term “fungi” is ‘a rather broad one, but in the dis- 
eases of animals we usually refer, in speaking of fungi, to those 
forms of plant life which are higher than bacteria. ‘They are usually 
made up of branching mycelial threads, and have a variety of meth- 
ods for producing spores. One writer described one species, Aspergit- 
lus pollini, which he was supposed to have proved to be the cause of 
pickled brood, but he had not done so. 

To the above groups belong the known exciting causes. There are 
also unknown exciting causes. When the unknown causes become 
known they may be found to belong to the groups mentioned above. 

There is a very important classification of diseases into those which 
are infectious and those which are noninfectious. From what has 
been said, this classification becomes clear to us.. An infectious bee 
disease is one which may be transmitted from one colony to another 
through the natural processes in the apiary. American foul brood 
and Kuropean foul brood are examples of this class of disease. What 
is transmitted in an infectious disease? It is the exciting cause of that 
disease. In American foul brood it is one species of bacteria, Bacillus 
larve. In Kuropean foul brood we do not-know what is transmitted. 
Since we do not know the exciting cause it must be classed under the 
unknown exciting causes. When the cause is determined it will prob- 
ably be found to belong to one of the three groups of micro-organisms 
mentioned under the known causes. A noninfectious disease is one 
which is not transmitted from one colony to another. The so-called 
“pickled brood ” and paralysis, as far as we know, illustrate this class 
of diseases. 

This brief discussion of the etiology of disease is given in order 
that you may get a clearer idea of the nature of disease and what is 
meant by etiology. We shall now consider the treatment of disease 
and illustrate with bee diseases. 


y) 
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TREATMENT OF DISEASE. 


The ultimate object in the investigation of diseases is the successful 
treatment of them. Before a disease can be treated rationally the 
diagnosis must be made; in other words, it must be determined what 
disease is present. If, for example, the so-called “ pickled brood ” is 
present in an apiary, the treatment will be quite different from what 
it would be if American foul brood or European foul brood were 
present; and if no disease is present, as sometimes happens, and the 
bee keeper suspects a disease, it 1s important that a positive diagnosis 
be made of this condition, 

There is no method by which bee disease can be so positively diag- 
nosed as by the finding of the exciting cause in the affected and dead 
bees. This fact is made use of in diagnosing samples of brood sent to 
the laboratory and illustrates one important advantage in knowing 
the etiology of disease. If we are to devise methods for treatment it 
is important that we should know where the exciting cause exists, 
under what conditions 1t grows, how it is carried from one place to 
another, and how it may be destroyed. These facts are determined by 
a study of the etiology of the disease, and it is upon such facts that 
we should base the treatment. 

Those who are familiar with bee diseases are also familiar with 
the different methods of treatment. Jt is not the purpose of the 
writer to discuss any of the classical methods, but to suggest a few of 
the principles upon which such methods must be based if they are to 
be most effective. Treatment is both preventive and curative. 


PREVENTIVE TREATMENT. 


Too many believe that the treatment of bee diseases consists in the 
control or eradication of a disease after it is found in the apiary. 
This is only the minor part of treatment—the curative. The treat- 
ment which is of major importance is the preventive treatment. Pre- 


vention is much easier than cure. To prevent disease in the apiary ~ 


is to keep it out. To keep it out is to keep out the exciting cause. In 
order to keep out the exciting cause, it is desirable to know its dis- 
tribution or where it is found. In American foul brood the exciting 
cause, Bacillus larve, is found in immense numbers in the bodies of 
diseased and dead larvae. These dead larve, for the most part, are 
allowed by the bees to remain in the brood cell as a scale. The honey 
also has been demonstrated to contain the bacteria which produce this 
disease. The pollen may be contaminated with the spores of this 
disease-producing organism. The combs from an apiary affected 
with American foul brood are a fruitful source of infection. The 
inside of the hives which have contained colonies suffering with 
American foul brood may be contaminated with the germs which 
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cause the disease. Honey extractors, honey tanks, and wax ex- 
tractors which have been used in infected apiaries are also a fruitful 
source of infection. Therefore if you are to keep the disease-pro- 
ducing bacteria out of your apiary, and thereby keep out disease, 
you must not feed honey unless you are positive that it did not come 
from an infected apiary or that it has been thoroughly boiled. 
Neither must you use old combs unless you are positive that they 
have not been in an infected apiary. Use no bee supplies from an in- 
fected apiary unless they are thoroughly disinfected. 

These things being true of the infectious disease American foul 
brood, of which we know the cause, until the cause of any other in- 
fectious disease can be determined we can do no better than to suggest 
the use of the same principles in the treatment of such a disease as 
must be used in the successful treatment of American foul brood. 


CURATIVE TREATMENT. 


In the curative treatment, considering the colony as a unit, use is 
made of two widely different principles—the removal of the disease- 
producing material, thereby removing the germs, and the use of drugs. 

In separating the disease-producing germs from the colony, all the 
combs are removed. This removes the principal sources from which 
the brood is infected—foul-brood larve and honey. It is always 
safer to allow the bees to go into a new hive or a hive which has been 
thoroughly disinfected. The greatest care should be exercised in 
protecting all infectious material which has been removed, that it may 
not be robbed by the bees. . 

The principle involved in the treatment by drugs is that of an anti- 
septic. ‘The theory is that a small amount of some drug—like beta 
naphthol, salicylic acid, carbolic acid, eucalyptus, formic acid, ete.—is 
sufficient, when taken with the larval food, to inhibit the growth of 
the pathogenic bacteria. 

Having thus in a general way considered the subject of the etiology 
of disease and the treatment in accordance with such knowledge, let 
us consider the different diseases separately. 


AMERICAN FOUL BROOD. 


That Bacillus larve is the cause of American foul brood has been 
demonstrated conclusively. It is a species of bacteria which when 
it is introduced into the healthy larve multiplies rapidly and causes 
the death of a large amount of the brood. When the larva dies the body 
decomposes and the remains dry down to a tongue-like scale on the 
lower side wall of the cell. In this scale are millions of spores which 
are able to produce disease in other larve should they be fed to them. 
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Just how the bacteria are carried from a dead larva to a healthy 
one we do not know. It is not uncommon, in examining the brood, to 
find only a portion of a larva in a cell, the bees having removed a 
part of it. When the body wall of a larva is broken in examining 
for foul brood, bees readily suck up the contents which flow out. 
This is true when the larva which is punctured is healthy, or when 
it is sick with disease, or after it has been dead a few days. The 
larvee at these stages of the disease contain a very large number of 
the disease-producing bacteria. These observations would indicate 
that in this way, in part at least, the infectious material might be 
carried to healthy larvae. Actual contact of the appendages of the 
bee with the foul-brood material, and the subsequent contact of the 
same appendages with the food of the larvae, may be a method by 
which the disease-producing bacteria are spread. We do know that 
in foul brood it is possible to obtain Bacillus larvw from the honey, 
and we do know that when bees are fed the spores of Bacillus larve 
in honey American foul brood will appear in the apiary. 

The spores of this bacillus are very resistant to heat and other 
disinfectants. They resist the boiling temperature of water for 
fifteen minutes. In 5 per cent carbolic acid they were not killed in 
two months’ time. This was demonstrated by obtaining growth in 
cultures after the spores had remained in this disinfectant for that 
length of time. Likewise it has been demonstrated that the spores 
of Bacillus larve, when taken from the scales of American foul brood, 
resist the action of mercuric chloride (corrosive sublimate), 1:1,000 
aqueous solution, for two months. Having such facts before us, we 
can better judge the methods for treatment. 

In treating this disease we must bear in mind the preventive and 
curative measures. In the preventive treatment many of the condi- 
tions you can control; others may be difficult. You can at least be 
sure that you import no bees or used supphes which might have been 
in an infected apiary. Use no old combs and feed no honey of 
which you do not know the history. In this way the bacillus which 
causes the disease in a large measure can be kept out of the apiary. 
There are conditions which are difficult to control. Should a near-by 
aplary be diseased and some of the colonies become weak or die out, 
it might be difficult for you, in a dearth of nectar, to keep your bees 
from robbing the diseased apiary and in this way bringing these 
disease-producing germs to your healthy colonies. 

Some preliminary.experiments have been made, but the results do 
not indicate that drugs, in the treatment of this disease, have the 
value advocated by some English writers. 
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EUROPEAN FOUL BROOD. 


European foul brood is another infectious bee disease. It attacks 
the brood at an earlier period in the growth of the larve, as a rule, 
than American foul brood. The cause of this disease is not definitely 
known. From brood dead of this disease Cheshire and Cheyne iso- 
lated Bacillus alvei. From their work it was long supposed that 
Bacillus alvei was the cause of the disease, but later investigations 
make the value of their work doubtful. 

A number of organisms have been found in the larve dead from 
this disease and some of them have been described. One species has 
been encountered in our investigations of the disease which is of 
special interest. The individuals of this species are quite small, 
apparently non-spore-producing, and have so far failed to grow when 
sown on our artificial media. Until we know more about this species 
it will be referred to as Bacillus “Y.” Since the cause is not posi- 
tively known, the amount of heat and chemical disinfectants to de- 
stroy the virus has not been demonstrated. If, later, Bacillus “ Y ” 
is demonstrated to be the cause, we shall expect that very much less 
heat will be sufficient to kill it than is necessary to kill Bacillus larva, 
the cause of American foul brood. Likewise we shall expect that 
chemical disinfectants will be much more readily effective. Until we 
know more about the etiology of European foul brood we can do no 
better than to suggest the application of the same principles which are 
found advisable in American foul brood. 


SO-CALLED ‘ PICKLED BROOD.”’ 


We refer to this disorder of the brood as the “so-called pickled 
brood ” and not pickled brood, because the condition which William 
Rk. Howard, of Fort Worth, Tex., described is not what the bee 
keepers know as pickled brood. The exciting cause of this disease 
is not known. The larve die at that age just preceding or just after 
capping. Some bee keepers have a theory that heredity plays a very 
important part as a predisposing cause. As far as is known the 
disease does not seem to be infectious. 

This disease is treated by some bee keepers by requeening, on the 
assumption that heredity is the important factor in the production 
of the disease. If more were known concerning the etiology, the 
treatment might be materially changed. 


PARALYSIS. 


Paralysis is a disease of the adult bee, The cause of this malady 
is not known. It does not seem to be infectious, although in some 
apiaries a large number of colonies may be affected at the same time. 
Some have advanced the theory that the character of the food is the 
exciting cause. 
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Since we know nothing positively about the cause, we can suggest 
very little in the way of treatment. The removal of the stores from 
the hive would tend to remedy the defect if the character of the food 
be an important factor in the etiology. 


SUMMARY AND CONCLUSIONS. 


We have now briefly considered the nature and the etiology of bee 
diseases and have suggested some of the principles upon which the 
methods of treatment must depend if such treatment is to be most 
efficient. If we review what we have just said concerning the 
etiology and treatment of the different diseases, we observe the follow- 
ing facts: 

There is but one disease, American foul brood, of which we know 
absolutely the exciting cause. The cause is a species of bacteria, but 
there are many things concerning the nature, the distribution, and the 
activity of which we do not’ know. The facts which have been deter- 
mined enable us to suggest some of the principles upon which the 
treatment must be based. Just so rapidly as our knowledge of the 
etiology of this disease increases, so rapidly will we be able to suggest 
principles for the improvement of the methods of treatment. 

In European foul brood we only know positively that the disease 
is infectious, and we can do no better than to use the principles 
gained by the study of American foul brood. As our knowledge of 
the etiology of this disease increases, the methods of treatment will 
be altered. 

In the so-called “ pickled brood” we do not seem to have an in- 
fectious disease. Nothing is positively known of the etiology except 
that the larve die at approximately the same age in all cases, which is 
about the time of capping. The treatment that is used by some is 
based upon the principle that heredity is an important factor, and 
therefore requeening is resorted to. 

In the disease of adult bees known as “ paralysis,” practically noth- 
ing is known and practically no treatment is known to be effective. 

Tt will be noted that in every case the treatment of bee diseases 
is based upon the knowledge of the etiology. There are many things 
of very great importance in the etiology which are yet to be deter- 
mined, but there are many things which are known that, if applied 
by the bee keeper, will prove to be of great value to him financially. 
' It is to be hoped, then, that the bee keeper will make himself as fa- 


miliar as possible with the nature of the etiology of bee diseases, since 


it is clear that the better the cause is known the better will be the 
treatment. From this discussion one conclusion can be drawn—that 
in the knowledge of the etiology of bee diseases les the hope of their 
control. 
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MISCELLANEOUS PAPERS ON APICULTURE. 


A BRIEF SURVEY OF HAWAIIAN BEE KEEPING. 
By. E.F.. PHiniirs, Ph. D.; 
In charge of Apiculture. 
INTRODUCTION. 


Bee keeping on the Hawaiian Islands is one of the minor industries 
which is being conducted with profit. As in all other places, this 
business can never, from its very nature, become a leading industry, 
but there is reason to believe that there is yet room for considerable 
expansion. The modified methods made necessary by a_ tropical 
climate and other conditions of a local character present some new 
phases of the keeping of bees, and in view of the fact that these modi- 
fications will be of interest to bee keepers on the mainland, as well as 
to those in Hawaii, it seems desirable to put on record a brief account 
of what the author was able to observe personally and to learn from 
others in the four weeks spent on the islands in making an apicul- 
tural survey. 

The author would express his thanks to the bee keepers of the 
islands for the cordial way in which they anticipated his every desire 
in planning the trips of investigation. He would also mention the 
particular assistance of Mr. D. L. Van Dine, entomologist of the 
Hawaii Agricultural Experiment Station, who accompanied him 
en all his trips, and from whom much of the information in this 
paper was gathered. 


PUBLICATIONS ON HAWAIIAN BEE KEEPING. 


Different phases of Hawaiian bee keeping are discussed in other 
publications, a list of which is appended.". The bee keepers of the 


* Reports of the Royal Hawaiian Agricultural Society (1851-1856). 

A Brief History of the Hawaiian People, by W. D. Alexander, 1899, p. 286. 

Report of the Entomologist, by D. L. Van Dine, in Report on Agricultural 
Investigations in Hawaii, 1905, by Jared G. Smith. Bulletin 170, Office of 
Experiment Stations, U. S. Dept. of Agriculture, 1906. 

Report of the Entomologist, by D. L. Van Dine, in the Annual Report of the 
Hawaii Agricultural Experiment Station for 1907, 1908. 

Introduction of Honey-Producing Plants, by D. IL. Van Dine; Hawaiian 
Forester and Agriculturist, Vol. V, pp. 9-13. : 

alawaiian Honeys, by D. L. Van Dine and Alice R. Thompson. Bulletin 17, 
Hawaii Agricultural Experiment Station, 1908. 

Chemical Analysis and Composition of American Honeys, by C. A. Browne, 
including a Microscopical Study of Honey Pollen, by W. J. Young. Bulletin 


No. 110, Bureau of Chemistry, U. S. Dept. of Agriculture. 1908S, 
43 
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islands have been extremely fortunate in enlisting the interest of the 
Hawaii Agricultural Experiment Station. Mr. D. L. Van Dine, the 
entomologist of the station, has been very active in rendering valuable 
assistance to the bee-keeping industry by his investigations, and Miss 
Alice R. Thompson, the acting chemist, has done good work in chem- 
ical analysis of honeys. 


BEE-KEEPERS’ ASSOCIATION. 


The bee keepers of Hawaii are organized into an active and efficient 
association, which has been in existence about two years. By united 
effort this organization has accomplished much that is of great value 
to the industry. When the question of marketing their honey under 
the regulations of the food and drugs act of 1906 arose they sent a 
representative to Washington to present their case. In this and 
many other ways the bee men have shown themselves to be alert and 
progressive in looking after their best interests. 


METHODS OF MANAGEMENT. 


At the present time bee keeping is largely in the hands of four 
corporations, they owning and operating at least four-fifths of all 
the bees on the islands. These companies are all managed by Ameri- 
can citizens, but there are a number of smaller apiaries, some of which 
are owned by Japanese. The last-named apiaries are usually not so 
well kept nor are they so productive. The total number of colonies 
at present is probably about 20,000, and the annual output of honey, 
which is mostly shipped to the mainland or to Europe, is probably 
about 600 tons. The keeping of bees by corporations, as opposed to 
individual ownership, is something which is rarely observed else- 
where. As they are located a considerable distance from the market 
and as the expense of supplies and shipping is high, it has seemed 
desirable to the bee keepers to organize companies so that they may 
make large shipments. There is also on the Hawaiian Islands a 
tendency, to a marked degree, to incorporate all industries, and doubt- 
less the prevalence of this method of conducting business has induced 
the bee keepers to adopt it also. With this system it is possible for 
one skilled manager to oversee the manipulation of several thousand 
colonies, the actual manipulation being done in most cases by the 
Japanese helpers; in this way the cost of maintenance of the apiaries 
is reduced very considerably. Since the price obtained for Hawaiian 
honey is still rather low, it is of course necessary to reduce expense in 
every way possible. 


“The crop for 1908 will probably amount to nearly 1,000 tons, according to a 
recent report from the entomologist. 
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“ BEE RIGHTS.” 


The buying of “ bee rights,” as it is practiced in Hawaii, is some- 
thing practically unheard of elsewhere, and would certainly appear 
to a mainland bee keeper as a new and strange procedure. The near- 
est approach to it is the renting of locations for outyards, which can 
not usually insure no competition. This practice would not be pos- 
sible were it not for the fact that most of the available agricultural] 
land on the islands is held in large tracts, mostly as sugar-cane planta- 
tions and ranches. Arrangements are made with the manager of 
a plantation for locations for apiaries, and the bee keeper agrees 
to pay a certain amount for the use of the land and for the honey 
removed from these apiaries. Frequently this is in the form of an 
agreement to pay a certain sum for each ton of honey removed from 
the plantation, but at times it isa fixed sum for the year, the bee keeper 
assuming what small risk there is of not getting a crop. The planta- 
tion management in turn agrees to allow no other bee keepers to keep 
bees in its territory. There are frequently small holdings within the 
boundaries of the plantation over which the plantation company has 
no control, and some other bee keeper may lease these with the idea 
of allowing his bees to range over the entire plantation. If, for 
example, he puts 200 colonies on such a holding, the immediate 
placing of say 500 colonies just across the line has a discouraging 
effect on this poaching and it can end in only one way, since the bee 
keeper who has a right there has the advantage. The same thing 
happens when an outside bee keeper gets too close to the boundary 
line. 

Naturally, when land is divided into smaller holdings, as is the 
ease almost everywhere on the mainland, such an arrangement is not 
possible and a bee keeper must run the risk of competition. There is 
no way of telling what amount of honey is taken from any given 
area when the tracts are small. The moral right of priority claim, 
which so many bee keepers advocate, has small place in the manipula- 
tions of territory in Hawaii, where the.bee-keeping companies pay 
for what they get and insist on getting it. One of the large com- 
panies gains its exclusive right by reason of the fact that it owns and 
leases a tract of over 100,000 acres for ranch purposes. 


EXTENT OF THE INDUSTRY. 


At the present time there are on the islands probably about 20,000 
colonies of bees, most of which are, as above stated, owned by four 
companies. From the custom-house statistics it is shown that the 
annual shipments of honey amount to about 1,000 tons. The island 
of Kauai now supports about 3,000 colonies, and, after traveling 
over almost the entire cultivated portion of the island, the author 
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is of the opinion that the island is just about half stocked. The 
island of Oahu seems to be well covered from an apicultural stand- 
point. Molokai is not a cane-producing island, but the algarroba 
forest is nearly stocked, and the only place for heavy expansion seems 
to be in the mountains, where several forest trees are nectar bearing. 
The island of Maui could not be examined as carefully as the others 
on account of inclement weather, but from reports received it is ob- 
viously not stocked to the extent that it should be. The island of 
Hawaii, the largest of the group, is relatively the least developed of 
any of the islands. There are only a few apiaries on this area, which 
is almost equal in extent to Connecticut, and there are great possi 
ties. On the south coast there are vast areas of cane, and the same 
is true of the Hamakua coast on the north. The Kona coast would 
probably support some bees in the coffee plantations. One such 
aplary was seen by the author (PI. VII, fig. 2). On the interior of 
the island there are vast areas which are entirely undeveloped from 
an apicultural standpoint, and the island can doubtless support 
thousands of colonies of bees at a profit. 

The total area now actually stocked with apiaries would not nearly 
equal in size one-half the State of Rhode Island, while the honey crop 
is probably 20 times as great as in that State. According to the 
Census Report for Rhode Island it would be 40 times as great, but we 
can not use this figure on account of its obvious unreliability. This 
comparison will show the honey-producing capabilities of the islands 
as compared with our more northern countries, and will also show how 
thoroughly the areas are stocked where the industry has been taken 
up. A small part of Oahu is doubtless overstocked, due to crowding 
into a given area by competitive companies. There was no evidence 
of such overstocking elsewhere. 

Overstocking an area with bees is a subject much discussed among 
bee men, and the situation in Hawaii illustrates very beautifully the 
fact that a theoretical discussion of how many colonies may be kept 
in one place is of no value whatever. Each location must be judged 
on its own merits, and a given area which will support only 20 colonies 
in one region may support 1,000 elsewhere. It is also obvious that 
seasons vary to a marked degree. In many parts of the mainland it 
is deemed advisable to keep not more than 100 colonies in one apiary 
and to allow each apiary a radius of 14 to 3 miles. On the basis of 
these figures, from 50 to 200 acres are necessary to support a single 
colony of bees. Without discussing the merits of these figures, it is 
enough to say that this is the common mainland practice, particularly 
in the more densely populated areas. In contrast to this, an examina- 
tion of the methods in Hawaii is extremely significant. One area of 
cane on the island of Oahu contains a little over 20,000 acres. As will 
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FiG. 1.—A TYPICAL HAWAIIAN APIARY, THE HIVES ON STANDS TO PREVENT ANT 
ATTACKS. (ORIGINAL.) 


FiG. 2.—AN APIARY IN A COFFEE PLANTATION. (ORIGINAL.) 
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be discussed later, this is not all equally productive from a bee-keeping 
standpoint. Near this is some algarroba forest, but not enough to in- 
fluence the crop very much. This area supports nearly 5,000 colonies, 
some of which yield exceptionally large crops. In certain parts of 
this area competition is too strong to yield proper results, but some 
apiaries yield over 200 pounds to the colony. In some other cane areas 
this record can be almost equaled. Algarroba will not produce so 
much per acre, but this is partly due to the fact that it blooms for less 
than six months, while cane fields furnish honeydew every day in the 
year. One strip of algarroba forest on Molokai supports nearly 2,000 
colonies. It will not average more than one-half mile in width, and 
about 30 miles of it is used for bees. 


SOURCES OF HONEY. 
FLORAL HONEY. 


The amount of floral honey produced on the islands annually is 
about 200 tons. Formerly the only source of honey on the islands 
which was widely enough distributed to make bee keeping commer- 
cially important was algarroba, native “ keawe.” (PI. VIII, fig. 1.) 
This tree was introduced into the islands by Father Bachelot, founder 
of the Roman Catholic mission, in 1837, and the original tree still 
stands on Fort street, in Honolulu. It has been carried to all the 
islands and is one of the most valuable plants ever brought into the 
group. It furnishes not only an excellent honey, but the pods afford 
excellent fodder and the wood is the main source of fuel. 

The honey from algarroba is “ water white ” in color and granulates 
very soon after it is stored by the bees in spite of the warm climate of 
the islands. This characteristic makes frequent extractions necessary 
to prevent the combs from being clogged. In regions where algarroba 
is practically the only source of honey, at the close of the flow an 
amount of honey sufficient to keep up the colony until the next flow 
is left in the hive. This, of course, soon granulates. When the 
honey flow diminishes, the brood chamber is reduced and considerable 
honey is stored in the space formerly occupied by brood. When 
the next flow comes on, a good deal of this granulated honey remains 
in the combs, and since this can not be extracted, these combs are re- 
moved and replaced either by empty combs or by foundation, to give 
the queen more room. These combs containing granulated honey are 
then placed in huge solar extractors, the largest that the author had 
ever seen. With 200 or more colonies in an apiary, there is often need 
for a solar extractor which will hold several hundred combs at a time, 
and practically every apiary visited by the author had such a, piece of 
apparatus as part of the equipment. The sun’s heat liquefies the 
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honey and melts most of the wax, and the wax from the “ slumgum ” 
is then extracted by the usual methods. The honey from these solar 
extractors is not darkened, as one would expect. 

The algarroba tree (Prosopis juliflora) is either the same species as 
or very closely related to the mesquite of the southwest. On the 
islands it grows to the size of a tree, as is also the case in Mexico. In 
Texas it is generally very much smaller. In 1908 the tree came into 
bloom about the 1st of March, the time varying considerably in dif- 
ferent localities on the islands. It usually blooms until August, and 
this very long blooming period adds greatly to its value to the bee 
keepers. 

The following list of honey plants, other than algarroba, is fur- 
nished by Mr. D. L. Van Dine, entomologist of the Hawai Agri- 
cultural Experiment Station. Mr. Van Dine has studied the honey 
sources of the islands very thoroughly. Many of these plants were 
pointed out to the writer while he was on the islands. 


FOREST TREES. 


Texas mesquite (Prosopis glandulosa). Growing in dooryard of Mr. C. C. 
Conradt, Pukoo, island of Molokai. Seeds under propagation at Hawaii Agri- 
cultural Experiment Station. Introduced by Mr. Conradt from Texas several 
years ago. 

Ohia lehua (Metrosideros polymorpha). Produces a particularly high grade 
of honey. Locations for apiaries as a rule somewhat inaccessible. One location 
on the island of Molokai is within the ohia lehua belt. 

Various species of Acacia (black wattle, koa, etc.). Mountainous districts. 

Various species of Eucalyptus. Mountainous districts. 

Wiliwili (Hrythrina monosperma). In guiches on Molokai and Oahu. 

Rose-apple (Hugenia jambos). 

Mamani (Sophora chrysophylla). Found in higher forest belts. 

Catalpa (Catalpa speciosa and C. bignonioides). Introduced by Mr. Jared 
G. Smith, April, 1902, from the Missouri Botanical Gardens. The seeds were 
distributed to L. von Tempsky, Makawao, and H. P. Baldwin, Puunene, on 
Maui; to S. M. Damon, Moanalua Gardens, on Oahu; to Francis Gay. 
Makaweli, on Kauai; and to Louisson Brothers and Albert Horner, Hamakua, 
and B. B. Bond, Kohala, on Hawaii. The seeds were sent to the above-named 
parties under date of April 10, 1902. No reports are on file at this station as 
to the results of this introduction. 

Logwood (Hematocylon campechianum). Found in dooryards. Two trees 
are growing in the grounds of Oahu College and one in the grounds of Lunalilo 
Home, Honolulu. Seeds under propagation at Hawaii Agricultural Experi- 
ment Station. The honey produced by bees from this tree is reported to be 
the finest table honey in the world. The propagation and distribution of the 
logwood throughout the Territory would be of great value to bee keepers. The 
wood furnishes the logwood dye of commerce. 

The black mangrove of Florida. Introduced by Mr. Jared G. Smith from 
southern Florida, for the purpose of preventing the mud flats from washing, 
along the coast of Molokai near Kaunakakai. The introduction was made 
several years ago and the trees are now well established at the above-mentioned 
place. The tree is a valuable honey plant. The station is now trying to secure 
the Philippine mangrove, a tree suitable for similar locations but possessing 
greater value as a timber tree. 
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FRUIT TREES. / 
Various species of Citrus (orange, lemon, lime, etc.). 
Avocado (Persea gratissima), 
Banana (J/wsa spp.). 
Guava (Psidium spp.). 
Loquat (Priobotrya japonica). 
Tamarind (Tamarindus indica). 

PASTURE PLANTS. 


California burr-clover (j/edicago denticulata). Introduced on Maui in 1882 
by Mr. C. R. Blacow. Now found generally on the ranches of the islands 

Carpet grass (Lippia repens). Growing on grounds of Hawaii Agricultural 
Experiment Station. 

Alfilaria or filaree (Hrodium civeutariwn and EF, moschatum). Seeds intro- 
duced in California hay. Established on upland pastures on Hawaii and 
Molokai. 

White clover (7rifoliwm repens). Found on Haleakala and Makawao 
pastures, Maui. 

CROP PLANTS. 
Sisal (Agave sisaland). 
Various species of cucurbits (melons, squashes, pumpkins, cucumbers, etc.). 


FORAGE PLANTS. 
Ailfalfa, several varieties. 

Lupins, blue and yellow. Occasionally used as green manure plants on sugar 
plantations. 

Tangier pea (Lathyrus tingitanus). Growing at Haiku, Maui. 

Sanfoin (Onobrychis sativa). A forage plant introduced by Mr. Jared G. 
- Smith in 1904. Seed distributed to ranches. 
ORNAMENTAL PLANTS. 


Palms, particularly the royal and cocoanut. 
Poppy. a horticultural form of Romneya coulteri, found in gardens in 
Honolulu. 
Chinese ink-berry (Cestrum diurnum). 
Thevitia nereifolia. 
Vines (Jpomaa supp.). 
WEEDS. 


Lantana, two species. (Plate VIII, fig. 2.) 

California sages (Artemesia). Introduced by Hawaiian Bee Keepers’ Asso- 
ciation in 1907. Not as yet established. Suitable for waste, arid lands. The 
most important honey plant in California. Valuable as a forage plant. 

Tlima (Sida spp.). 

Oi (Verbena bonariensis). 

Pili grass (Heteropogon contortus). 

Spanish needle (lauki) (Bidens pilosa). 

Puakala (Argemone mexicana). 

Alii (Dodonaea viscosa var. spathulata). 

Hila hila (undetermined). 

Other weeds are Waltheria americana, Ipomea pes-capre (vine along sea 
coast), and Walvastrum tricuspidatum. 


OTHER SOURCES OF HONEY. 
Insect honeydew.—Hawaii is peculiar in that most of the honey 
produced is from some source other than flowers. Two-thirds of the 
61176—Bull. 75, pt. 5—09 | 
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honey shipped annually from the islands is largely or entirely honey- 
dew honey. By far the greater part of this comes from the exuda- 
tions of the sugar-cane leafhopper (Perkinsiella saccharicida Kirk.) 
and possibly some of it from the sugar-cane aphis (Aphis sacchari | 
Zebnt.), although while on the islands the author observed none of : 
the latter species. (See Pl. TX, fig. 1, showing an apiary near a field 
of sugar cane.) Of course, in a tropical country there are many other 
insects producing more or less honeydew. The young “ plant cane” 
is most abundantly covered with leafhoppers. 

Honeydew from the sugar-cane leafhopper is very dark amber in 
color and slightly ropy. In flavor it very strongly resembles molasses 
from the cane juice. Since the color and flavor are so marked, a small 
amount of this when mixed with the mild, light-colored algarroba 
honey imparts the color and flavor of honeydew to the entire amount. | 
Most honeydew honeys on the mainland granulate very rapidly, but 
this type does not granulate at all. Samples several vears old are as : 
clear as when first extracted. | 

The chemical composition * of Hawaiian honeydew honey is quite | 
unlike that of floral honey, and this fact has led to the charge of : 
adulteration by buyers on the mainland and in foreign markets. 
Since nowhere else, as far as the author is aware, is honeydew honey 

: 


produced in such large quantities, it is not strange that cursory ex- 
aminations were misleading. The author saw enough while on the 
islands to convince him that, however unlike floral honey this product 
may be, it is a natural sweet product collected and stored by the bee 
and is then extracted and shipped with no additions of other sugars. 

When the food and drugs act of 1906 went into effect the Ha- 
walian Bee Keepers’ Association sent a representative to Washington 
to find out under what name they could market their crop, since it : 
does not conform to the standard of the Association of Official 
Agricultural Chemists. They were informed that it could be sold 
on the mainland market provided it were labeled just what it is. This 


“Chemical composition of Hawaiian honeydew honey made from sugar-cane — 
honeydew. 


{From Bulletin No. 110, Bureau of Chemistry, p. 37.] 
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Fic. 1.—AN APIARY NEAR A SUGAR-CANE FIELD. (ORIGINAL.) 


FIG. 2.—MOLASSES TROUGH FOR FEEDING CATTLE. (ORIGINAL.) 


i) ie 


A BRIEF SURVEY OF HAWAIIAN BEE KEEPING. 51 


the Hawaiian bee keepers have done and it is now sold as “* honeydew 
honey.” The bee keepers of Hawaii fully realize the peculiar honey 
with which they have to deal and are not attempting to market honey- 
dew honey in competition with floral honey for table use. It goes to 
the baking trade and for such use is reported to be satisfactory; at 
any rate, the price received is equal to that received for algarroba 
honey. ! 

As stated elsewhere, bees prefer floral nectar to honeydew. How- 
ever, when the supply of floral nectar is not great, the bees work on 
both, and as a result there are mixtures of the two, stored in the 
hives, varying all the way from the pure honeydew honey to pure 
floral honey. It is these mixtures that cause the trouble in labeling. 
One of the requisites of a pure honey as defined by the standards “ 
is that it shall be leevorotatory to polarized light; hence, since honey- 
dew honey is dextrorotatory and there are blends made by the bees of 
this and algarroba honey, it is necessary to have a chemical analysis 
made to be absolutely certain whether a given quantity of the product 
of the islands may be sold as honey or as honeydew honey. The 
various mixtures which occur are well illustrated in Plate I of Bul- 
letin 110, Bureau of Chemistry, here reproduced as Plate VI. This 
plate illustrates very well the influence of honeydew on the physical 
properties of honey. At one end of the series is the pure algarroba, 
which is represented as granulated, while at the other end is a sam- 
ple of honeydew honey which is as pure as it is usually found. Be- 
tween the two in perfect gradation are shown various mixtures just 
as they came from the hive in various extractings. The chemical 
analyses of these particular samples, made by Miss Alice R. Thomp- 
son,’ show that the chemical composition varies in exactly the same 
way. Of these samples, Doctor Browne’? says: 


From the polarizations and analyses of these samples (as given in the table) 
it will be seen that there is a range in direct polarization from —22.0 to 


U.S. Dept. Agr., Office of the Secretary, Cir. 19, p. 11. 
» Polarization and analyses of honeydew blends. 
[From Bul. 17, Hawaii Agr. Exp. Sta.] 
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+24.5; in ash, from 0.34 per cent to 2.04 per cent; in reducing sugars, from 
76.84 per cent to 59.76 per cent; and in organic matter not sugar, from 1.41 per 
cent to 15.88 per cent. In sucrose also there is an irregular increase from 3.58 
to 7.2 per cent, this increase becoming more regular as soon as the quantity of 
honeydew is sufficient to mask the variation in sucrose content of the individual 
honeys in the series of blends. The granulation of the blends decreases with 
ihe increase of honeydew and ceases at about the point of optical inactivity. 
The latter point, as has been said, is taken by the chemist as the arbitrary 
dividing line between normal and abnormal honeys, and bee keepers in the 
Hawaiian Islands who are troubled with honeydew have in the matter of gran- 
ulation a rough guide for the classification of their product. If the honey 
granulates, it may be put in the normal class; if it remains liquid for any 
length of time, it probably belongs to the class of honeydews. This statement 
does not apply in general to mainland honeys. ; 

The dextrorotatory honeydew honeys can not be regarded as adulterated, in 
the strictest sense of the word; nevertheless they are frequently so pronounced 


by chemists, who, in the general work of routine, are often satisfied with a most — 


superficial examination, and regard dextrorotation or high ash content as cer- 
tain evidence of adulteration. 


There is a test which may be applied with considerable safety. 
Algarroba honey granulates rapidly and pure honeydew honey does 
not; it has been found by analysis that mixtures which granulate are 
as a rule of such a chemical composition that they may be sold as 
honey. The flavor and color may be characteristic of honeydew 
honey in spite of the fact that the mixture contains enough floral 
honey to be sold as such. 

The sugar-cane leafhopper was first collected on the islands by Dr. 
R. C. L. Perkins, now connected with the Hawaiian Sugar Planters’ 
Agricultural Experiment Station; in 1900,2 and by February or 
March of 1903 had “appeared generally throughout the cane fields 
of Hawaii in numbers sufficient to prove a serious check to the growth 
of the cane.” ® For several years the work of this insect caused a loss 
of about $3,000,000 annually ¢ to the planters, and naturally they were 
anxious that something be done to stop this heavy loss. By various 
means the leafhopper has been brought under control until to-day 
it is not abundant enough to hinder the growth of the plants, “ and 
plantations that were to a certain extent abandoned are again pro- 
ducing heavy crops of sugar.” ¢ 

During the time spent on the islands the author saw no sugar-eane 
fields that were seemingly injured by the leafhopper, but, on the other 
hand, there were no cane fields examined that did not contain many 


@The Leaf-Hopper of the Sugar Cane, by R. C. L. Perkins. Bulletin No. 1, 
Division of Entomology, Board of Commissioners of Agriculture and Forestry, 
Territory of Hawaii, 1903. . 

6The Sugar Cane Leaf-Hopper in Hawaii, by D. L. Van Dine. Bulletin No. 5, 
Hawaii Agricultural Experiment Station, 1904. 

© Report of the Governor of Hawaii to the Secretary of the Interior for the 
fiscal year ending June 380, 1907, p. 22. 
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leafhoppers. The fact that the leafhopper is not doing damage 
enough to hinder cane raising does not signify that it has disap- 
peared, nor is there any biologic reason for believing that it will, while 
cane is grown, unless some entirely new methods of fighting it are 
found. The fact that 400 tons* of honeydew are produced annually 
from this source in spite of the fact that only a limited amount of the 
cane area is accessible to bees is a certain indication of the untold 
millions of these insects which still exist. 

The leafhoppers exude a sweet, gummy substance on the leaves of 
the cane and the honey bees work on this eagerly. However, where 
bees have access to both honeydew and floral nectar, they prefer the 
nectar to a marked degree. When algarroba begins to bloom the 
honey stored becomes noticeably whiter. 

In view of the fact that honeydew honey has the taste and color of 
common molasses, it has been suggested that probably this product is 
gathered by the bees from the sugar mills which are so numerous on 
the islands. The writer visited several such mills located near apia- 
ries on days when bees were actively flying. No bees were to be seen 
anywhere around the mill. If bees actually did come to the mill 
after sweets, they would become a serious nuisance to the workmen. 
Why they do not is something of a mystery to the writer, but he can 
vouch for the fact that he saw no mills screened to keep bees out, nor 
did he see any bees at work in the mill or even on the pile of sweet 
refuse (“mud cake”) outside. 

Molasses is used quite extensively for feeding cattle on the islands. 
It is poured out in troughs or half barrels where the cattle can get it 
easily, and frequently these are located near apiaries. Many of these 
were examined as the writer went about among the apiaries, and in 
not a single instance did he ever see a bee at work on the molasses. 
Tn some cases these feeding troughs are as near as a quarter of a mile 
to apiaries. A dairyman near Waimea, Kauai, whose trough (PI. IX, 
fig. 2) is located not a quarter of a mile from a large apiary, informed 
the writer that he had never seen bees working on the molasses. Ob- 
viously, Hawaiian honeydew honey does not come from this source. 

Eatra-floral plant honeydew.—The situation in Hawaii as regards 
sources of honey is made still more complicated and interesting by the 
fact that the hau tree (Paritium tiliaceum) has nectaries on its leaves 
which secrete a honeydew. These are located on the veins of the 
leaves near the stem and are one, three, or five in number. Small 
drops of honeydew may frequently be seen on these spots. It is in- 
teresting to note that these extra-floral nectaries are present on the 
outside of the calyx of the flowers. There is apparently no true floral 
nectary. 


2Five hundred tons in 1908. 
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The hau tree is used quite extensively as a hedge, and grows from 
20 to 30 feet high (Pl. X, fig. 1). It is doubtful whether this is the 
source of any great percentage of the honeydew honey, but the fact 
that it is present makes it still more difficult to analyze the bee-keep- 
ing situation on the islands. 


INTRODUCTION OF HONEY PLANTS. 


In addition to the nectar-secreting plants now found on the islands, 
either as native plants or as recently introduced, the bee keepers are 
anxious that other good honey-producing plants be introduced to 
increase still more the amount of floral honey. As before stated, 
bees show a marked preference for floral nectar over honeydew. 
There is on the islands a great deal of land which is not only not 
cultivated at present, but which, from its rough character, can never 
be cultivated. There is doubtless an opportunity for the introduction 
of some honey plants to the mountainous regions, where they would 
not interfere with cultivated crops or grow on land of value for any 
other purpose. 

From the sad experiences in plant introductions on the islands, it 
will be well to watch any new honey-plant introductions very care- 
fully. Lantana, which is used so much as a greenhouse plant on the 
mainland, was introduced a few years ago. It soon escaped 0 the 
greenhouse, however, and found in the climate of the islands the 
proper conditions for rank rapid growth. It spread to all the islands 
and forms dense jungles 10 feet or more in height, through which it 
is impossible to pass without cutting a path (Pl. VIII, fig. 2). Va- 
rious methods are being tried with a view to exterminating this pest, 
but to-day there is still plenty of Jantana. The cost of clearing a 
lantana thicket for cultivation is about $10 an acre. Lantana secretes 
nectar, but that is the only good thing which can be said for it. It 
was, of course, not introduced for its honey, but this experience 
should make the bee keepers cautious about what. plants they bring 
in. The sages of California are now being tried, as well as various 
kinds of mangroves. 


WAX PRODUCTION. 


The price of honey fluctuates relatively much more than that of 
beeswax. On account of the fact that Hawaiian honey has been sell- 
ing for a low price and also because of the peculiar character of most 
of the honey, the bee keepers of the islands are desirous of converting 
their honey into wax, if it can be done, even at no great profit. The 
long shipment necessary to get their honey to market means more or 
less loss by leakage and heavy freight. Wax does not lose anything 
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in transit, and naturally also wax weighs much less than an amount 
of honey of equal money value, and the freight would be very much 
reduced. 

When the author arrived on the islands one of the first questions 
asked him was how to bring about a production of more wax and 
less or even practically no honey. After getting the available data, 
which were freely given, a method was suggested which promises to 
give some results, if we may judge by results obtained in some exper) - 
ments conducted in the short time which could be spent in Hawaii. 
Before outlining this proposed method it will be well to review the 
basis for the recommendations. 

It is a well-known fact among bee keepers that at the time a swarm 
is hived the activity of the inmates of the new home is at its height. 
The bees not only collect nectar with great vigor, but, there being no 
wax in the hive under natural conditions, the wax secreters become 
very active and in a marvelously short time the hive is supplied with 
combs. It is also true, of course, that wax is secreted at any time 
during the active season when it is necessary that more combs be built 
to accommodate brood or stores, provided, of course, that there is 
room. If a comb is removed from the center of the Beoed chamber 
or from the super, it is replaced as needed, but, as a rule, not so rap- 
idly. The rapidity of the honey flow influences this wax secretion 
greatly. 

The amount of honey consumed in the secretion of a pound of wax 
is a much-debated question among students of bees, the various esti- 
mates ranging all the way from 2 to 20 pounds. There seems to be 
little hope at present of arriving at anything definite on this question, 
and the author is strongly inclined to the belief that the reason for 
this great variation in estimates is due to the fact that the same 
amount of honey is not always needed to bring about a desired result. 
It would be bootless, therefore, to pay any attention to this phase 
of the question in trying to get a method of wax production. ' Syl- 
viac, in a series of articles in L’Apiculteur for 1901, offers evidence 
that the amount of honey consumed in secreting a pound of wax is 
least following swarming, and this quite coincides with the fact that 
wax building is most rapid at that time. 

In dealing with wax secretion on a commercial basis, data must be 
drawn from the receipts per colony under different methods of man- 
agement. The actual consumption of honey becomes of minor im- 
portance. It was learned that the average annual return per colony, 
after deducting freight charges, leakage, and other expenses incurred 
after the honey leaves the apiary, would not exceed $2.50. The hives 
are on an average two stories high during the entire year and, during 
the height of the honey flow, are often higher. All figuring was 
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done on a basis of two-story colonies. The wax in such a hive 
weighs over 6 pounds,’ averaging in value $1.80, Hawaiian wax being 
of the finest quality. 

As additional data, it was learned that it is possible to increase the 
number of colonies very rapidly. In one remarkable case reported, 
20 colonies were increased to 420 in eight months. This fact shows 
that a colony of bees can build up very rapidly under the conditions 
existing on the islands. It must also be remembered that in cane sec- 
tions there is practically no stopping of the honey flow. 

In view of all these facts it was obvious that if the wax be taken 
from each colony it will form a good beginning in the annual return 
from a colony. If, then, the colony is in as good shape in a year’s 
time as it was when the wax was removed, there will be honey enough 
stored to make the annual money return higher than if the colony had 
been run for honey alone. 

The method recommended is to shake the colony onto starters of 
foundation. ‘The brood is placed over another colony to develop so 
that it may not be lost; the honey is to be extracted. By dividing the 
aplary into two parts, one-half may be shaken and the brood piled on 
the other half. These in turn may be shaken in three weeks or 
more and their brood added to the colonies shaken at first. This 
manipulation is identical with the shaking in treating for bee dis- 
ease. Similar methods are often employed in honey producing to 
prevent swarming and to cause bees to work in the supers. In the 
present instance, however, there is an entirely different reason for 
the practice. 

In the trial made with a view to wax production, a surprising 
showing was made, and it seemed obvious that the operation could 
be repeated in not more than three months’ time, and probably less. 
If this be true, then there will be removed $1.80 worth of wax or more 
at each shaking, which means a considerable gain. 

No positive statements of results can be made until the method has 
stood trial for a time. If this plan serves the purpose in Hawaii, it 
will also be valuable in other regions where there is a heavy honey 
flow for a long time. — 
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DISEASE SURVEY. 


The bee keepers of the islands were very anxious to learn whether 
or not they had any brood disease among their bees. They were quite 
certain that there was none, but desired this opinion to be confirmed. 
For this reason the apiaries visited were carefully examined by the 
author and absolutely no trace of any known infectious disease was 


@ Since this was written the writer has received a report, dated May 19, 1908, 
on this series of experiments, showing that 8.88 pounds were extracted from 
20 frames, this being the actual average in an apiary of 120 colonies, 
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found. In view of the fact that a brood disease would spread rapidly 
in that climate, the bee men may consider themselves extremely fortu- 
nate. : 

Some time ago Mr. D. L. Van Dine sent to the Bureau of Ento- 
mology a sample of brood which had died, and it was reported that 
there had been considerable loss on this account. There was no indi- 
cation of any infectious disease in the sample, and before another sam- 
ple could be obtained the trouble had disappeared. Of this trouble 
Mr. Van Dine wrote, under date of April 27, 1906: 


About the 1st of January it began and appeared simultaneously in several of 
the apiaries of the ———— Honey Company. In the majority of cases [of hives 
having this trouble] from one-half to three-fourths of the brood died when the 
larve were nearly full grown or after transforming to the pup. The sunken 
caps and black color resembled the descriptions of foul brood, but there was no 
odor or other symptoms. Many of the pup showed signs of life after turning 
nearly black and some adults emerged beforedying * * *. Asa precaution the 
bees were fed medicated sirup, but I am of the opinion that the trouble is not an 
infectious disease, but due to improper food. When the algarroba, our principal 
honey tree, had ceased to flower the main source of pollen was gone, but the bees 
could still get an abundance of honey from the sugar cane. The bee bread was 
scanty, very dark in color, and rather hard. I have not been able to trace out 
where they got it. Probably from various weeds * * *. The algarroba is 
coming in flower again and it is a fact that the trouble is fast disappearing, 
and I am inclined to believe that it was due to the food conditions I men- 
fmemed” + + *. 

On the island of Kauai the same trouble appeared at the same time as on this 
island and the conditions are exactly the same. On the island of Molokai the 
trouble did not occur and there they have no sugar cane and when the honey 
plants failed the queens ceased to lay and no outbreak of the disease occurred. 


Under date of June 5, 1906, he wrote: 


For a time after the bees began to bring in pollen in abundance the trouble 
seemed to disappear, but just now in eertain colonies it is aS Serious aS ever. 
This seems to contradict the idea that the trouble is due to food conditions. 

While the author was on the islands only one case was seen which 
resembled what was described in 1906. This was in an apiary on the 
‘sland of Kauai. The dead larve in no way resembled those which 
die of American foul brood or European foul brood. There is no in- 
dication that the trouble is contagious, and the dead larve resembled 
certain phases of what is generally called “ pickle brood.” 

The bee keepers are anxious that no disease be allowed to enter their 
territory, and at the request of the Hawatian Bee Keepers’ Associa- 
tion the author drew up a letter of recommendation which 1s here 
given: 

For the information of your association in formulating proposed regulations 
relative to the establishment of an effective quarantine against the various dis- 
eases of the bee, I take pleasure in presenting the following statements as my 
opinion concerning the questions involved. 
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1. The nature of the diseases.—There are now recognized two diseases, viru- 
lent and contagious in their character, which attack the brood of the bee. 
These are known as American foul brood and European foul brood. It is defi- 
nitely known that American foul brood is caused by a bacterium, Bacillus 
larve, and from the symptoms and behavior of European foul brood it is almost 
certain that the latter disease is likewise caused by a micro-organism, There 
are other diseases recognized by bee keepers, but it is not known that they are 
infectious. 

2. Methods of spread.—It is known that both diseases mentioned (European 
foul brood and American foul brood) are transmitted in the following man- 
ners: ; 

(a) By bees from healthy colonies robbing the hives of diseased colonies. 

(b) By the bee keeper feeding honey from diseased colonies, as in the case 
of feeding for winter stores in the colder parts of the mainland. 

(c) By the accidental feeding of honey from diseased colonies, which has | 
been extracted and sold in bottles or other containers. * (This applies to partly 
empty honey bottles or cans which may be thrown out carelessly where bees can 
gain access to them.) 

(d) By the introduction of queens taken from apiaries in which disease is 
present and which are shipped in cages stocked with candy made from infected 
honey. 

It will be obvious from the local conditions that (0) does not apply to the 
Hawaiian Islands. It is doubtless true also that (a) does not apply. I can not 
say positively that neither disease is present in the Territory, but it is almost 
certain that they are not. 

Means of preventing the introduction of disease to the Hawaiian Islands.—ASs 
an immediate action, it is desirable that all queens which are shipped to the 
Territory be removed from the cages in which they arrive and be introduced to 
colonies from a clean cage containing candy made from honey free from disease 
organisms. This precaution, which is a very simple operation, will be a very 
good assurance that disease will not be brought to your islands with imported 
queens. 

It is desirable that as soon as possible a quarantine apiary be established, to 
which all imported queens shall be introduced. After two months’ time, if the 
colonies to which the queens are introduced are free from disease, the queens 
may be sent to the owner with perfect safety. 

It is above all desirable that no honey of any kind shall be shipped to your 
islands unless it comes from healthy colonies and is accompanied by a certifi- 
eate of a qualified inspector of apiaries that such is the case. This precaution 
is of much more importance than those against infection through importation of 
queens. The bee keeper who imports queens would probably soon recognize 
disease if it appeared in a colony containing a choice imported queen, but if 
disease is brought in with honey it might gain a strong foothold before its dis- 
covery. This provision will not constitute a prohibition of the importation of 
honey, since on the mainland there are now about 55 qualified apiarian 
inspectors. 


On September 2, 1908, the Board of Commissioners of Agriculture 
and Forestry of the Territory of Hawaii passed regulations pertain- 
ing to the importation and inspection of honey bees and honey, which 
placed restrictions on such importations for the purpose of prevent- 
ing the introduction of contagious diseases. 
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MISCELLANEOUS PAPERS ON APICULTURE. 


THE STATUS OF APICULTURE IN THE UNITED STATES. 


By E. F. Puauiures, Ph. D., 
In Charge of Apiculture. 


INTRODUCTION. 


Few persons realize the magnitude, importance, and possibilities 
of the present bee-keeping industry in the United States. Those 
who are conversant with the pursuit, and even those who are exten- 
sively engaged in it, generally fail to comprehend what an important 
factor in the agriculture of the country apiculture is as a whole, or 
how much the honey bee, by collecting nectar and storing it to 
produce a commercial product, is instrumental in saving our resources. 
Although the total value of bee products is small as compared with 
the value of the products of many other branches of agriculture, it 
nevertheless has an importance which should not be overlooked. 
The object of this paper is to review the present status of the industry 
with a view to pointing out where we may look for advancement. 

Few rural pursuits have made greater progress during the past 
half century than has this one. Before that time the bees of this 
country were kept in box hives, and as a result the annual average 
crop of honey per colony was small. In addition to this handicap in 
not being able to manipulate the bees as was needed, bee keepers 
generally lacked a knowledge of the methods of caring forthem. With 
the invention of movable-frame hives by Langstroth in 1851 it became 
possible to care for bees properly and to manipulate in such a way 
as to get the best crop. As the use of this type of hive and of the 
honey extractor became general, bee keepers have become better 
- educated in modern methods of manipulation, and the industry has 
advanced from a negligible quantity to its present important place 
in agriculture. 

In the vast majority of cases bee keeping is not the principal occu- 
pation, but is carried on in conjunction with some other business. 
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According to the census of 1900 the average number of colonies on 
farms reporting them was 5.8106, valued at $14.40—a very small 
investment. In some recent work of this Bureau’ it has been 
found that in the State of Massachusetts the average number of 
colonies reported was 5.5 per bee keeper. This last figure should not 
be taken as an index to the condition in the whole country, for as 
one goes farther west the holdings are found to be larger. In Cali- 
fornia, for example, while there are some small apiaries, the majority 
are quite large, and the average is several times that of Massachusetts. 
The number taken from the census can scarcely be accepted as 
correct. . 

The number of men who rely solely on the production of honey 
and wax for a livelihood is rather small, and most of the extensive 
producers of the West carry on some other business, at least for the 
part of the year when the bees are less active. The reason for this 
is found in the nature of the industry. Any location is limited as to 
the number of colonies of bees which it will support, and in con- 
sequence a bee keeper must either carry on some other business or 
establish numerous outapiaries to enable him to keep bees enough 
to make it an occupation which will support him. Since the estab- 
lishment of outapiaries is attended with certain disadvantages, it 
usually follows that bee keeping becomes a minor part of a man’s 
occupation or even a side line. 

Then, too, bee keeping is taken up by many as a recreation or a 
subject of nature study. Such persons do not wish to make it their 
sole or main occupation. Many farmers also keep a few colonies of 
bees and add to their income to some extent in that way. It is 
obvious that bee keeping must continue to be an avocation in the 
majority of cases. 

This brings up for consideration a question which has been much 
discussed by those interested in bringing about an advance in the 
industry: Shall an attempt be made to increase the number of bee 
keepers, or to make better ones of a smaller number? Bee keepers 
who follow the pursuit on a commercial scale are usually anxious 
that there be no increase in the number engaged in the business, 
but rather a decrease, with an accompanying advance in the pro- 
ficiency of those so engaged. This desire is not wholly selfish, for 
unless the increase is directly in the territory of the individual his crop 
is not affected. 

It frequently happens that a local market is ruined, temporarily 
at least, by some uninformed bee keeper who keeps a few colonies 
and sells a poor grade of honey for a ridiculously low price, thus 


«Gates, Burton N.—Bee Keeping in Massachusetts. Bulletin No. 75, Part VII, 
Bureau of Entomology, U.S. Dept. of Agriculture. (In preparation.) 
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making it almost impossible for the up-to-date bee keeper to sell 
his honey for what it is worth in the same community. This con- 
dition of affairs would not occur were it not for the fact that, for 
table use at least, honey does not rank as a necessity, and the usual 
causes for changes in market price do not operate so completely as 
is the case with other commodities. 

The main objection to numerous small bee keepers, rather than 
fewer and more expert ones deeply engaged in the industry, is, that 
when the larger number is interested it can not be hoped that all will 
become proficient. Under normal circumstances this matters little, 
since anyone has a right to neglect his bees if he so desires, but when 
some contagious disease is present in a region this becomes a serious 
matter. The expert bee keeper can not hope to rid his bees of dis- 
ease if there are a great many unqualified bee keepers in his neighbor- 
hood. Under such a circumstance—which unfortunately is becom- 
ing quite general in this country—the negligent bee keeper keeps 
property which, if diseased, constitutes a nuisance, and is a constant 
menace to the progressive man, for it is impossible to tell when 
neglected colonies may become infected. 

If progress is to be made toward getting the largest possible honey 
crop from the United States, it will hardly be done by making bee 
keepers who own an average of 5 colonies. It must be done by pro- 
gressive bee keepers financially interested to an extent sufficient to 
compel them to combat disease and to do their utmost to get the 
entire crop. We may not hope to attain this ultimate condition, 
but an effort might be made to discourage negligent and indifferent 
bee keeping. 

In spite of the fact that bee keeping is the sole occupation of but 
few, it nevertheless commands attention in that it adds considerably 
to the resources of the country and increases the income of thousands 
of people. The possibilities for its increase are great, and the ad- 
vancement of this vocation is a worthy object as aiming to save for 
human use a resource which is now so generally wasted. 


SCOPE OF THE INDUSTRY. 


It is very difficult to estimate accurately the annual value of the 
products of the apiary, but from various sources of information it is 
reasonable to suppose that the value of the honey produced annually 
in the United States is on the average about $20,000,000 and of wax 
about $2,000,000. Since the honey harvest depends so completely 
on various climatic conditions affecting the secretion of nectar, it is 
obvious that there is an enormous variation in the annual yield. 

As nearly as can be learned, the number of sections for comb honey 
manufactured annually by supply dealers is between 60,000,000 and 
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75,000,000, and that may be considered as a fair estimate of the aver- 
age number of pounds of comb honey produced in the United States, 
since relatively few sections are exported. Extracted honey is pro- 
duced more extensively, and it is safe to say that the annual. crop is 
three or four times that of comb honey. Taking into consideration 
also the chunk honey sold and the honey not marketed but used in 
home consumption, the estimate of $20,000,000 is none too high. 

It may be of interest to compare the data of various years given 
by the census. Table I gives the amount of honey and wax, with the 
ratio between them. It is very interesting to note a reported in- 
crease in the ratio of honey to wax produced as the use of the honey 
extractor has become more general. 


TaBLE I.—Production of honey and wax in:the United States, 1840-1900. 


Ratio of 


Census of— | Honey. Wax. honey to 
| wax. 
Pounds Pounds 

USA Olmert) ae a ee eae ceeee Swe Ey eo 62853030|- eee 
PROS Ree ein AU4 8532790) | bes cee eon ee eee 
SOO secretes hs Sand 2 23, 366, 357 1,322, 787 Wari! 
TSAO ees oe es 14, 702, 815 631, 129 Zoro 
ISSO = see ee ose 25, 743, 308 1,105, 689 FAS STi 
SOO Le Sree Wee cea 63, 897, 327 1, 166, 588 54. 8:1 
HOOK cyte ee ek Gat ah 61, 196, 160 1,765, 315 34. 7:1 


a Beeswax and honey. 


The last census, that of 1900, recording crop data for 1899, gives the 
following: 


Total number of farms reported im Census. -22--24--22-2--4 45a 5, 739, 657 
Number oftarmssreportime ees. <= Oe 5 ya ene ee 707, 261 
Percentage of total. ..-.. Lis Soa ns SV RUS ee Kae Ciera orth AO es eh ee 12.3 
Number of colonies; yume 19002 eo oe ee 4, 109, 626 
Average number per farm reporting bees.-....-..---.-...--------- 5. 8106 
Walueroibees acids SON wc as ess hes ee Gye gore er eee $10, 186, 513 
Rounds of homey cnyll$99 oes Be er see esha ee 61, 196, 160 
Pounds of waxdm 1S9OR 2 ks ch Uae ae oa a ge 1, 765, 315 
Value of honey and wax imi S90). 0.2 so Stee eet eee $6, 664, 904 
Number of farms of white farmers reporting bees...-...-.:.---.--- 677, 985 
Percentage of all farms of white tarmers--oc-- 22-6 13. 6 
Number of farms of colored farmers reporting bees.-..-..--....---- 29, 276 
Percentage of all farms of colored farmers.._..........-.:.------+- 3.8 
Average crop per farm reporting bees: 

FLomeyys So Eee Saree cetera Gre ete ae mena pounds 86.5 

Weeki ob atts 1 BS oh hr CRE I a pe ee do 2.5 
Average value of honey and wax per farm reporting bees... .-..--- $9. 42 
Average value of bees per farm reporting ...-........-.--.--.---- $14. 40 
Average value of bees per colony. Ul 5255-2 S- 4 se e eee $2. 48 
Average pounds of honey, per Colon y=] as<5 55) 5) aoe ee ee 14.9 
Awerage pounds of waxiper colomy 20/9552 22 9829 2es eee eee 43 


Average value of honey and wax per colony...-..-...-.---.-.-.---- - $1. 62 


milaska and Waawali.s.-..-..-..-..2.. 96,870 | 2,105.9 1,720 
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Tables IT and III ¢ give additional data on distribution. 


Tasie Il.—Number and value of swarms ' of bees, June 1, 1900, on farms and ranges, by 
geographic divisions. 


Per cent 


‘ _ Farms (fg? 
Bee Aceccce | Number Oli, of farms Swarms | Value of 
Geographic division. Prepon es | report- | report- Bt boda: ie 
| ing bees. | ino hees. | 
PEUTIC States...) ...o2s0. 2-55 eet 5, 739, 657 | 707, 261 12.3 | 4,109,626 $10, 186,513 
North Atlantic. ....- Sh ne PEE SA NPR eR Se 677, 506 64, 110 9.5. 413, 709 1,370, 732 
SURIRIMAMEMAUSNTNT (ee rete se) ao so Geese ome 962, 225 151, 863 15.8 854, 909 1, 664, 636 
OUST) (CELLS Se ea 2,196,567 | 233,721 10.6 | 1,187, 856 3,505, 675 
SiG arity (Chea) 17H ee ee ee eee 1,658,166 | 225,100 13.6 | 1,289, 384 2,513, 397 
OW ASTER. se: DOR 242, 908 32, 421 13.3 362, 381 1, 123, 647 
OSS in! 12 ¢ 2 2, 285 46 2.0 1, 387 8, 426 


1 The word ‘‘swarms”’ used in census reports evidently should be ‘‘colonies.’’ 


TasLeE III.—Pounds and value of honey and wax produced on farms and ranges in 1899, 
with averages per farm reporting, by geographic divisions. 


Value of honey and 


Honey. Wax. ney 
Geographic division. 
Average Average Average 
Total per farm. Total. per farm. Total. per farm. 
Pounds. Pounds. | Pounds. FORE 
iheswwmibed States. 22. .,5..- 61, 196, 160 S6co ie Lanoo,olo 2.5 | $6, 664, 904 $9. 42 
eS ee eee a ef 
Noniday AULT CL eer 6, 855, 027 106. 9 182, 819 2.9 801, 147 12. 50 
SOHN AV UENO ATO aie rr rr 9, 468, 843 62. 4 379, 192 2 ay e029) 200 6. 78 
Isslavetilat (Chava ris) ta 20, 055, 502 85.8 396, 604 1S) CESS 10. 07 
SMDUFITG. (Oley 75) (og 14, 849, 824 66. 0 588, 960 2AGo|) le boo5 041 6. 90 
WS AO ES ee 9, 870, 094 304. 4 216, 020 Ghd 920, 089 28. 38 
37.4 8, 293 180. 28 


Taking the number of farms keeping bees as the basis, the five most important 
bee-keeping States, June 1, 1900, were Texas, with 60,043 farms reporting; Kentucky, 
with 44,974; Missouri, with 41,145; North Carolina, with 41,051; and Tennessee, with 
ob. 

Taking the number of swarms, or colonies, of bees as the basis, the five leading 
States were Texas, with 392,644; North Carolina, 244,539; Tennessee, 225,788; Alabama, 
205,369; and Missouri, 205,110. Of the States included in the series given first, Texas, 
Missouri, Tennessee, and North Carolina are found in the second. 

Taking the value of the bees as the basis of classification, the five leading States 
were Texas, with $749,483; New York, $593,784; Pennsylvania, $531,578; Kentucky, 
$527,098; and Missouri, $508,217 

The five greatest producers of honey in 1899 were Texas, with 4,780,204 pounds; 
California, 3,667,738; New York, 3,422,497; Missouri, 3,018,929; and Illinois, 2,961,080. 
California, which has not been included in any of the preceding classifications, here 
stands second. 

Of the States producing wax, Alabama led with 162,020 pounds; Texas was second, 
with 159,690; North Carolina third, with 135,920; ¢ Siibrnin fourth, with 115,330; 
and New York fifth, with 84,075. 


«Twelfth Census of the United States, 1900, Vol. ¥, Agric ulture, Part I, p. cexxxiii. 
b Twelfth Census of the United States, 1900, Vol. V, Agriculture, Part I, pp. 
CCXXXIll-CCXXXiv. 
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It will be noticed that the data on honey and wax crops do not at 
all agree with the author’s estimate given above. In the light of the 
evidence previously given, it is obvious that the census figures are 
entirely too small and are far from doing justice to the industry. 
The other data are probably much more reliable. It is hardly a fair 
test to compare 1900 data as to the number of bee keepers with those 
of 1906, but it should be noted that in the recent work of the Bureau 
in Massachusetts “ there were reported 2,127 bee keepers as compared 
with 1,799, the number given in the census. 


IMPORTS AND EXPORTS. 


Tables IV to VIL show the imports and exports of honey and wax 
through the ports of entry of the United States. The data for these 
tables were obtained through the courtesy of the Bureau of Statistics 
of this Department.? 


’ 


@ Gates, Burton N.—Bee Keeping in Massachusetts. Bulletin No. 75, Part VII, 
Bureau of Entomology, U.S. Dept. of Agriculture. (In preparation.) 

> Tariff schedules on honey and wax under the different acts of Congress subsea 
to 1841 are as follows: 


Acts of— Tariff on honey. Tariff on wax. 
| 
PANT RUST SO) MSAD sera ir ive we REO ces Sete anlar thee Not specifically mentioned.. 15 per cent ad valorem. 
Reilly 80. ULSAOR SC ee he ele eG 5 alee Se ee oe 30 per cent ad valorem... ..-. | 20 per cent ad valorem. 
IY IB YO) tees yea Foy seen et ON, ps seer ego ney Neal lac 8 24 per cent ad valorem... .... | 15 per cent ad valorem. 
Niteir cla? SalS Gee ae Mien Feo tel 2 Ne hay ee hey Not specifically mentioned ._| 10 per cent ad valorem. 
ibe aU SOE a2 a ls fee dee Reece ec AEE [5icents perm gallonecae. sess. 20 per cent ad valorem. 
June 30, AL SAR sc iek a eh ap eee a Pca 20 cents per gallon..........- Not specifically mentioned, 
March 3, INS s seeeteh eiee Siege cane ome ead | Yat | 20 cents per gallon........... 20 per cent ad valorem, 
October. HF LS O 0) See ee rae ae ee ee eee ae ' 20 cents per g gallon 22.0.4 Free. 
VANTD USAT ES) FAA (Ge eG SE Mie ea me ea etn et ari POE RN fs | 10 cents per gallon. Eee ee Free. 
1 ARO AVS 2 12) epee ena eae ae nes NEL Ea G8 | 20 cents per gallon .......... Free. 
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TasLe 1V.—Imports of honey into the United States, 1901-1908, by countries from 
which consigned. 


Cuba. Mexico. 
Year ending if iid 4 ; | ge 
June 30— / oe of total ! corer of total 
Pounds.@ | Value. i mi imports Pounds.a | Value. ss a FI imports 
in cents. | from all | incents. {rom all 
countries. _ countries. 
Tea eg 2, 809,784 | $31,591 | 3.9 SVE) 727,728 | $25,659 3.5 | 33.3 
LSU, a ree 131, 736 5,807 4.4 6.6 1,361, 052 33,269 2.4 67.8 
iS 1,565, 088 64, 867 4.1 45.3 1, 166, 796 31,697 at | 33.8 
MRE cee os | 1,296,912 42,597 Sits! ya: § 652, 404 12,345 1.9 26.3 
12) a | 1,575, 768 57,918 3.0 66.1 516, 804 10,477 2.0 PA et | 
i) arr 756, 312 26,239 3.9 45.6 724, 488 18, 107 2.5 | 43.7 
30 oe 915,744 | 33,380 3.6 43.4 884, 340 27,534 3-1 42.0 
LSS 1,162,872 | 46,726 4.0 45.7 1,045,944 37,926 3.6 | 41.1 
Santo Domingo. Haiti. 
| 
di P cae | mate : fae e 
Year ending ercentage | 2 | Percentage 
June 30— | se veviee. of total | oo of total 
| Pounds.a | Value.b | Price p imports | Pounds.a | Value.b | PTC P imports 
pound ou 
in cents. | {rom all ‘in cents. | {rom all 
| | * | countries. | * | countries. 
| we Sis pr oon anaes Sey 
Tt (ee 327,876 | $13,091 4.0 15.0 146, 256 $5, 086 | 3.9 6.7 
UA ee | 160, 440 4,853 3.0 8.0 35,184 | ae a0 Lid 
HaUseee Sc = < 3 | 198, 204 4,897 2.5 5.8 255,588 | 5,013 | 2.0 7.4 
iMUE So 373,212 8,982 2.4 15ed 58, 476 1,273 | 252, 2.4 
(1105 See ee 162, 792 4,063 2.5 6.8 44,052 779 | 1.8 1.9 
110 27,840 820 2.9 1 ¢/ 81,444 1,703 | 2.1 4.9 
Neve 82 a a | 31,272 746 2.4 1S 188,640 | 4,849 2.6 | 8.9 
Payee eras sas. 49 , 068 1,376 | 2.8 | 1.9 106, 116 2,870 20 | 4.2 
fed g 
All other countries. Total. 
| ii ae 
Year ending June 30— | Average nie Average 
Pounds.a | Value.b | Price a imports | Pounds.c | Value.b | PUce per 
eS from all a 
in cents. | countries. in cents. 
| | 
a ME 174-708") * $8: 172 4.7 | 8.0 | 2,186,352 | $83,599 3.8 
_. >) 319,200 11,281 3.5 15.9 | 2,007,612 | 56,383 2.8 
INU EE 266, 676 8,926 3.3 7.7 | 3,452,352 115, 400 3.3 
ee 94,500 3,856 4.1 3.8| 2,475,504 | 69,053 2.8 
UMS 5 3)2 82 ee ee ee 83, 988 3, 482 4.1 | 3.5 | 2,383,404 76,719 3.2 
Se 68, 568 3,782 5.5 4.1] 1,658,652 | 50,651 | 3.1 
UAL 2 Se eS ae ee 88,068 | 4,345 4.9 4.2 | 2,108,064 70, 854 | 3.4 
Pe SS oa ae 179,904 | 9,527 5.3 G1 98, 425 | 3.9 


2,543, 904 


a Custom-house returns of honey are given in gallons, assumed here to weigh 12 pounds. 


b Imports of honey into the United States are subject to a specific duty. 


Values.—The values of all imported articles, whether subject to ad valorem of specific duties or free 
of duty, are regulated by the act of Congress of June 10, 1890. 

The actual market value or wholesale price of such merchandise as bought and sold in usual wholesale 
quantities at the time of exportation to the United States in the principal markets of the country from 
whence imported, and in the condition in which such merchandise is there bought for exportation to the 
United States or consigned to the United States for sale, including the value of all cartons, cases, crates, 
boxes, sacks, and coverings of any kind, and all other costs, charges, and expenses incident to placing the 
merchandise in condition ready for shipment to the United States. 

Valuation deceptions.—The value of imported articles subject to ad valorem duties is believed to be 
determined with more accuracy, according to the legal method of valuation, than other imports, with 
specific duties or free, and exported articles; the valuation of dutiable imports and of exports dutiable in 
foreign countries tend to understatement, and the valuations of imports that are free of duty are often | 


inflated for the purpose of trade deception. 
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Taste V.—Imports of beeswax into the United States, 1901-1908, by countries from 
which consigned. 


Cuba. Mexico. 
ee SED Eee ee ae —e ——— 
Year ending Average Percentage ‘at / Percentage 
June 30— price per of total i poe. of total 
| Pounds. Value.a pound | imports Pounds. Value.a | Pp ee Ae | imports 
| | in cents. | {rom all ee cents. | {rom all 
countries. countries 
TOQUE sae 110,778 | $28,539 25.8 51.8 13, 446 | $3, 080 22.9 ° 6.3 
107 amen & | 157,839 | 44,364 28.1 38. 6 23,366 | 5,070 21.7 5.7 
1903S ee ss ee 147,917 42,357 28.6 30.3 162,332 | 36,476 22.5 33. 2 
1°04 Be Seie iors 98, 455 28, 682 29.1 Zonk 167,843 | 45,673 2.2 39.5 
NOQDR eek eta 79, 926 24,006 30. 0 21.4 87, 943 23,265 26.5 23.5 
190 GaSe sae 158, 523 48,120 30. 4 27.0 46,421 | 13,485 29.0 Be 
MOOS sack | 331 ,942 | 93,702 28.2 36. 2 47,262 | 15,417 32.6 52 
12) 0, ea ea 264, 984 76,431 28. 8 39.5 41,489 | 13,290 32.0 6.2 
Santo Domingo. Haiti. 
Year ending Percentage Percent: 
A age 
June 30— = ae of total mea bie of total 
Pounds. | Value. | nq | imports | Pounds. | Value.a | PO MOT! imports 
2 eons from all phic from all 
* | countries. eS countries 
AGO Teste Se he 41,225 | $10,241 24.8 19.3 11, 286 $4,292 38.0 oe 
QOD sess Se, hae 73, 364 21,118 28.8 17.9 6,373 3,013 47.3 1.6 
1903 so eas 82,829 21,364 25. 8 16.9 25,276 7,692 30. 4 5.2 
AQ 04s Sas hese 80, 783 21,061 26.1 19.0 38, 106 10,359 21.2 9.0 
QOS Sse eee 46,816 11,1938 23.9 125 62,547 16,047 Pee 16.8 
NOOO ec ores. okt 34, 052 8,596 25.2 5.8 Dinca 7,326 26.8 4.6 
TOOT Ps ae 67, 264 16,941 OAR, 7 Ts3 48,831 13,555 27.8 Soe 
TOO Satya oe 55,311 13, 085 D2 8.2 58, 147 15,379 26. 4 8.6 
| All other countries. Total. 
Year ending June 30— Average heer Average 
Pounds. | Value.a | PUC@ P| imports | Pounds. | Value.a | PiCe per 
_ pound from all pound 
in cents. count in cents 
190M. ae rehatee hae 37, 038 $9, 732 26.3 Wee: 213,773 | $55,884 26.1 
1G OD tees ne Vere Ay. Sos wees 147,764 42,372 28. 7 36.2 408, 706 115,937 28.4 
OOS aes ise eee heen Sete ele 70, 222 19, 331 alas 14.4 488 ,576 127,220 26.0 
TIC 0s SPR ane eee ae el a a 39,981 11, 103 27.8 9.4 425,168 | 116,878 Dk Ee 
AIG TO SSE AES psd ae ee RNS Corina Mel) 96 , 337 26,610 27.6 25.8 373, 569 101,121 Pe Ae! 
TIC LO TGS ate eA ie ihe See yy a 321,310 90, 487 28. 2 54.7 587,617 168,014 28.6 
MOQ a Aare. Apoyo eee ca epee ere 421,789 125, 022 29.6 46.0 917,088 | 264,637 28.9 
OO Sereno ees ee ee cha ee 251,595 76, 584 30. 4 BYR: 671%, 526 194,769 29.0 
| - | . 


a Imports of beeswax into the United States are free of duty. 


Values.—The values of all imported articles, whether subject to ad valorem or specific duties or free of 
duty, are defined by the act of Congress of June 10, 1890, as— 

The actual market value or wholesale price of such merchandise as bought and sold in usual wholesale 
quantities at the time of exportation to the United States in the principal markets of the country from 
whence imported, and in the condition in which such merchandise is there bought for exportation to the 
United States or consigned to the United States for sale, including the value of all cartons, cases, erates, 
boxes, sacks, and coverings of any kind, and all other costs, charges, and expenses incident to placing the 
merchandise in condition ready for shipment to the United States. 

Valuation deceptions—The value of imported articles subject to ad valorem duties is believed to be 
determined with more accuracy, according to the legal method of valuation, than the value of imports 
with specific duties or free of duty, or the value of exported articles; the valuations of dutiable imports 


and of exports dutiable in foreign countries tend to understatement, and the valuations of imports that ~ 


are free of duty are liable to inflation for the purpose of trade deception. 
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TasLeE VI.—Imports and exports of honey of the United States, 1855-1908. 


[The terms ‘Comb’ and “FE xtracted’’ honey used in these headings are used in place of ‘‘Unstrained’’ 
and ‘‘Strained”’ honey in the reports of the Department of Commerce and Labor.} 


Year ending June 30— 


a Only values are given in reports. 


Imports. Exports. 

Average | Both comb 

Pounds. Value. price, in Comb. Extracted.| and ex- 

cents. | tracted. 
5,245,908 | $138, 189 AG ARN 5 odeerzers 2's Wale Peete eels Beeeeeer os 
5,142,432 169, 643 Shahla een 4: - eetid ee eee emer. 22 
4,975,908 | 202, 436 NUS Oe Les) Be ae [aS eee 
4,790,388 149, 915 Siicig! itis LEI ee eS med Mee nicer . 
5, 448, 372 196, 751 = Csliga fa eee a oe [alee ch, ce oe ee ae 
4, 626, 420 163, 027 RU Rees te ee i paced ea. 
30, 229,328 | 1,019, 961 SRAM S| ce eoets oe. tna||. ees kkk ls Aa yee ees 
3,970,320! 146,464 BE AD Eeee eee ae eel eek y eee ees Deere Be: than 
4, 311, 960 195, 485 BRL ee ae eee SUNOS fy. ceed rs ee 
3, 394, 896 158. 852 Ag ane ater Gee) es Reps <7 o 
3, 461, 832 162, 071 ACNE ERC Ne oie tee ee lece. Sop eae 
1, 899, 072 87, 954 ANG Me ee sree eee: |< cea Se 
3, 332, 724 135, 253 LOE, ee Syceceae lea gee mene ae S 
2, 614, 824 128, 537 BPA inion owes os le B.S She oe es 
2, 546, 112 117, 172 A GUMGR SER Osc etc st. oles So ee 
SUE aern 77, 405 Pee ees TRIE 3 gece RNR PEST 
Bee ae AGC hehe BAS20) | eos Man kee ee 
Si Ga ea ee HO OOD Hit eee entail as MeL ele cae Pon. || SU eee 
Sor nee GSO I al shaes cen: DVATO | Sek Se etn he an ee 
A St ee ee SOOM re ee Se 2, 677 $28, 168 $30, 845 
rh a Oy a Po) 0G) he Negi LE oe en ee nenees Peyaat rs | | 
i aes CONG As Pepe 714 57, 895 58, 609 
BL i Sere (ERS (02 3, 586 29, 563 33, 149 
(ate Melee ORB es ec ok 2, 534 26, 079 28, 613 
te ae 0S ae ee 36, 302 54, 663 90, 965 
1, 403, 724 67,111 4.78 6, 212 24, 638 | 30, 850 
1,005, 984 48, 169 4.79 134, 728 27, 958 | 162, 686 
1, 293, 360 59, 806 4. 63 26, 820 28, 439 55, 259 
Belts athakcant (Get: Ua oa nee ate eee Seve are eee bere eee 
2, 364, 528 110, 059 4.65 109, 007 89, 761 | 198, 768 
1, 831, 164 78, 976 4.31 19, 082 30, 592 49, 674 
1, 939, 500 78, 911 4.07 27, 826 4, 907 32, 733 
1, 530, 432 57, 443 MoM Sem pci ore een Th 68, 764 
1, 821, 432 67,572 INS as Sees aa eee tm | paavore 
1,520, 688 45, 551 re RSS ACN te, SEE 8 44,735 
1, 766, 592 47, 679 DNBOM os au os ee Wee Oe ecal 67, 154 
1, 893, 816 46, 210 DA eee ease So Nc PER 7, 579 
968, 976 26, 624 Py ALS Seo es es 93, 888 
757, 428 27,191 1 S08 ee en Hg ge i era 113, 101 
16, 394, 556 586, 216 | a Gs Se oeieenant| ea eer 900, 608 
572, 880 20, 808 ETS SS Seat ea a a 83, 325 
841, 236 31, 418 2p) AE ec a ac 78, 048 
2, 113, 764 79, 396 POM ack eis a ded uses vac 15, 115 
1,831, 716 56, 156 27 5 eae eee ne Sea | 127, 282 
809, 328 22, 993 PRCA cnt ee ae I Ok De | 118, 873 
959, 820 30, 609 inlay ee ame ae babar 5 Seige 90, 969 
797, 184 27, 599 3B FOS Beene 22, 368 
1, 159, 248 38, 158 SVU! | Roe oie ae Pa te a 98, 504 
1, 514, 604 51,599 | | Bade PSs oh c. oe a 55, 900 
1, 762, 320 70, 857 2 ae Rec ome a 30, 191 
12, 362,100 | 379, 593 2) Bl Sa RS [ox ene ana 720, 575 
2, 186, 352 83, 599 ed eee Cee! ee ae 55, 574 
2, 007, 612 56, 383 Te it cotta de tea See castle 106, 112 
3, 452, 352 115, 400 Mca te els clu id saul asic 64, 220 
2, 475, 504 69, 053 AG MME ae OS res 69, 317 
2, 383, 404 76,719 OL Le pn a a Oe a ae 63, 307 
1, 658, 652 50, 651 BR eee ate pln nk owe ant 111, 945 
2, 108, 064 70, 854 TE | a ea aan Pe gah eae 93, C90 
2, 543, 904 98, 425 GAR Cisse shau testes oc akos 78, 102 
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TaBLE VII.—Imports and exports of beeswax into the United States, 1851-1908. 


Year ending June 30— 


| Imports. 
Average 
| Pounds. | Value. price, in Pounds. 
cents. 
ise mp. 
Beet aaah Itt a ty Beis b 415, 923 
inaie eeros stp Ne aril EO eRe A gy co yi 
he a [oe en 00 Shell ses na 
Sic ese Ne pL OW schem oss eae Ann ROT ea aed 
Penge a oa. 6 257, 415 
Saeed es ee (GS, meer i 
Riss > LS eR La ee US 0 ee 
| b 366, 246 
sib af SS Sea parle ANN Rae oe lal oe b 290, 374 
A neat higieeeabure ba. a ok canal ce Rael aces b 362, 474 
sete all ie eae ab eas [sit eh See DiS OR, a, | 
Mie Ree eee b 270, 425 
eee Vii Sh etl op ee (ies, Soe sb TAs 
eke eee: eerie eee SO Mer 2 
454,087 | $13, 667 a25.3 | 6341, 458 | 
20, 899 ,414 | 30.7 | 6 338,776 | 
a 23, 900 a10, 420 243.6 | 272,987 
25, 617 5, 450 | 21.3 | 6 253,065 
Niky Sig eee 5/609 tes 2222) soe] eb, Bae 
FN ean [2 oO #87 a. sont ace nea 
BRA oe cel as W116; 8103)--8-2)- 22. | Pseoekas 
BSNL G90 106.10. 2) Le Ue ae 
a ea ee Tec aire Ghee.’ 
este POURS: fu 2s Oo ae eb anS Vaiss 
Areca ir: 15,400. 8-. 2055.1 OBae ees 
RE ge WGbRdcs Ske a dle eRe 
BOHOL OH nae IG BAG dps 2 Cle Oe Ras 
ee aoe TESSO8 a! cs ee Sale a Bae ee 
ier ee @15;860h 2-2. 2 ae Se GR A 
Pe ee AP 66 cd co ad, ye dS eee 
ER EN @ 188433) 2 a eng ay yes 
eink Some OG Toa. Se 164, 090 
Ener aie P Nate's eae ec 124, 227 
168, 879 41, 681 24.7 59, 455 
48, 123 9, 323 | 19. 4 51, 748 
91, 754 21,211 | oat 30, 877 
26, 546 5, 718 | 21.5 136, 179 
10, 843 2, 371 | 21.9 90, 350 
51, 702 9, 411 | 18.2 78, 070 
75, 951 11, 773 | 15.5 99, 917 
126, 319 20, 282 16:1 171, 391 | 
Rn eae Yo 123, 815 joa. seo O06, 04 
379, 135 80, 485 21.2 120, 548 - 
271, 068 65, 487 24.2 127, 470 
248, 000 62, 024 | 25.0 77, 434 
318, 660 80, 024 | 25.1 469, 763 
288, 001 78, 776 | 27.4 309, 212 
273, 464 75, 970 | 27.8 222, 612 
174, 017 43, 339 | 24.9 195, 048 
272, 097 72, 473 | 26.6 151, 094 
452, 016 109, 957 | 24.3 152, 494 
213, 813 51,526 | 24.1 319, 379 
2, 890, 271 720, 061 24.9 | 2,145,054 
213, 773 55, 884 26. 1 140, 276 
408, 706 115, 937 | 28. 4 125, 283 
488, 576 127, 220 26.0 70, 811 
425, 168 116, 878 27.5 55, 631 
373, 569 101, 121 27.1 85, 406 
587, 617 168, 014 28. 6 101, 726 
917, 088 264, 637 28.9 117, 169 
671, 526 194, 769 DON soars ee 


a Including manufactured wax. 


Value. 


b 131, 803 


b 47, 383 
b 80, 899 
6170, 418 
b 261, 381 
b 130, 650 
b 96, 282 
b 255, 365 
189, 396 
b 137, 443 


b 126, 130 
5 118, 053 
b 113, 800 
b 96, 578 
b 69, 127 
b 84, 461 
6 95,074 
45, 823 


48, 880 


j 
| 
| 


910, 996 


23, 918 


b Stated simply as ‘‘wax,’’ and including wax of all kinds, as well as beeswax. 


» 113, 070 
9,758 


6 963, 548 
| 094, 495 


b 1, 463, 712 
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The following figures give additional evidence of the magnitude 
of the industry: 


Peeeeeperm associations (estimated).....- 2.200.222 cee eee eee eee 100 
Peeneeeied in Oluee Of Dureaw 24.2 .05 2. 2 Son ena wed ee ee eke eee 86 
ecrewoted to bee keeping 9... 22-2. 2.2.5 2k ac ew een eee eee eee eens 3 
Breeders of queens actually recorded (not including duplicates) ............-. ¢ 164 
TULA 1 RR ee he EY ia 2 ee Oe, A eS 146 
EI GAMIEATINN <00 eo. en ee oe ears en se iain woe Seis p OR oe 37 
ENEMIES CARA eANIS Soo arte a ee Lene os Lt noel Ne 35 
EMEA SS oP. er. Gea dae «ew sinc - = Yaduk tees 6 
SSPE LCC Fig BS Ra Sn a eae 5 
ESTEE a SG rege gee ge ase il, Se an ge ee 6 


In addition there are several large factories devoted either entirely 
or in large part to the manufacture of supplies for use in the apiary. 


VALUE OF THE HONEY BEE AS A POLLENIZING AGENT. 


The honey bee is of great value as a pollenizing agent, and in 
estimating the value of the industry in adding to the resources of 
the country this phase of the subject must be included. Other 
insects, of course, aid in this way, but the honey bee occupies a 
peculiar position in a consideration of this subject. 

Waite “ mentions a large number of species of insects which visit 
pear blossoms, but says: ‘‘The common honey bee is the most 
regular and important abundant visitor, and probably does more 
good than any other species.’”’ Miiller,? in his very comprehensive 
study of the fertilization of flowers, summarizes his results’ as shown 


in Table VIII. 


TaBLeE VIII.—Fertilization of plants by insects.s 


In Low Germany. On the Alps generally. | Above the limit of trees. 
S 2 aa | 5 2 ae a EH 
oO ®D ~~ > ° rom) <—-s ° ‘> d +> ° 
®& Ze Roe 2 Be ne 32 Be ne 
Se eo oa ee ee i Set ee | ae | Be 
mn > ao a7 > px o nm > ao 
| et 
; | 
“alt ioy rete: es rr | 129 469 8.96 83 337 5.90 | 33 134 4.82 
Lovin ae Se 253 1, 598 30. 55 348 1, 856 32. 49 210 930 33. 46 
Eiymenoptera..-.:.2.--.--.- 368 | 2,750 | 52.57 183 | 1,382 | 24.20 88 | 519 18. 68 
ae | (205)} (2,191)} 41.31 (120)) (1,141)) 20.00 (49)} (402); 14.46 
aie 3S Sere 79 365 6.98 220 | 2,122 37.15 148 1,190 42.83 
ner TISECES.-.----..-..-...) 14 49 | ~ .94| tt 15 | 26 3 | 6 21 
; | | é = 
Jbiet he ren 843 | Pa 3 a, 841 Dita? Poca eos 482 | AE 6 GJ A, 


a Several of the State and county organizations are affiliated with the National Bee Keeper’s Asso- 
ciation. 

bGleanings in Bee Culture, Medina, Ohio, founded 1873. Bee-Keeper’s Review, Flint, Mich., founded 
1888. American Bee Journal, Chicago, Ill., founded 1861. 

¢The total number is probably twice this. 

dWaite, M. B., 1895.—The Pollination of Pear Flowers. Bulletin No. 5, Division of Vegetable 
Pathology, U.S. Dept. of Agriculture. 

€ Miller, II., 1883.—The Fertilization of Flowers. Trans. by Thompson, London. 

f From Miiller, pp. 596-597. 
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In Table VIII the entire family of the Apide is credited with 
41.31 per cent of the visits, but in the text Miller frequently refers 
to the fact that on some plants the honey bee far outnumbers all 
other insects. He speaks of the honey bees and the bumblebees of 
the genus Bombus as playing “by far the most important part in 
fertilizing our [German] indigenous flowers.’”’ On the other hand, 
Britton and Viereck * attempt to show that the honey bee is not so 
important as has generally been claimed by horticulturists and 
entomologists. They find that “honey bees were exceedingly scarce 
in comparison with other species of Hymenoptera—or in fact with 
other insects.’’ From collections made from flowers in 1904 at the 
experiment station at New Haven and in 1905 at Branford, Conn., 
the following records were made: 


| 
| 
| 
| 
! 


Pail i stan ee ie) Ga ee ¢ \£oie ae 

aie Nore. | NG lis: le a eee eee 2 ot) ae ee 

STV et SH Vl Fall igi aur Maret o = o s j;=28 o hee 

Gre | te Osler one! a <4 ay eae | pe tia 
Hymenoptera... ..-- 46 28 iN: 5 PRY Wine 2d) 8 32 17 22 | 8; 13 4 
Apis mellifera .....-- Te ea a ee ae | ce 1 1 TT ere 1 Luh. 322 es 
Diptera ViseWane wees 19) | 27 a 81516 7 Ra 16 9 ee: | 
Coleoptera.........- 4 2 1 2 5 CUS ade 3 3 Lif es ae 2 
Hemiptera. 222222 52- 3 Pel etree acta dates lara ee = eT pe eS tf) ma 2 ae Won ceies / Mere ype (Spo c= 

Total number of | ! 
specimens... . TAN 38) 23 15 44 37 8 on 29 30 8 | 13 6 
| | 


It seems fair to assume that on account of their great numbers the small bees belong- 
ing to the Halictide and the Andrenidz are more important agents in carrying pollen 
than has been supposed, and in the vicinity of New Haven during the seasons of 
1904 and 1905 were of far greater benefit in pollinating the flowers of the plants from 
which they were collected than were the honey bees. 


Harler in the paper they say: ‘It is not known to the writers 
that bees are kept in the immediate vicinity of the experiment sta- 
tion; there are several hives less than 2 miles away. Wild honey 
bees are probably not very abundant so near the city.”’ 

There are several facts which should be taken into consideration 
in connection with this paper—facts not mentioned by the authors. 
In the first place, comparatively few honey bees are kept in the part 
of Connecticut around New Haven. Furthermore, a scourge of bee 
disease is said to have decimated the bees of Connecticut some years 
ago, and doubtless this decreased the number of bees in a wild state 
as much as it is known to have done in the case of bees in hives. No 
disease is now recorded from the vicinity of New Haven, but it may 


still be there unreported, it being found in many parts of the State. — 


Further, in the vicinity of cities, bees are generally less prevalen® 


« Britton and Viereck, 1906.—Insects Collected from the Flowers of Fruit Trees and 
Plants. Fifth Report of the Connecticut State Entomologist for the Year 1905, New 
Haven, Conn. 
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than in the country. The principal point which should be consid- 
ered, however, is that the winter of 1903-4, just before these counts 
were made, was exceedingly severe, and 75 per cent of the colonies 
of honey bees in New England are reported to have died. Honey 
bees do not hibernate, and long-protracted cold weather is detrimental 
to them. Taking these facts into consideration, it is not so strange 
that the honey bee played a minor part in pollinating the flowers in 
the cases investigated. 

While in the particular cases observed by these authors the honey 
bee was of little value as a pollenizer, the ease with which an enormous 
number of honey bees could be brought to the aid of the orchardist 
places this species in a class by itself. Estimating the population of 
a colony of bees as low as 10,000 in early spring, it may easily be seen 
how readily the orchardist may insure pollination by carrying a few 
colonies of bees to the orchard, provided of course that the weather is 
such that bees can fly while the trees are in bloom. Under adverse 
conditions in winter the other insects may be so decimated that they 
are few in number, but while honey bees may also be killed off in 
winter, there are means of protecting them, which is not the case 
with the purely wild species. © 

Fruit growers as a rule recognize the value of the honey bee to 
their industry. Taking into consideration the insurance of pollina- 
tion by transporting colonies of bees to the places where their services 
are needed, it is safe to say that the indirect benefit of the bee- 
keeping industry annually adds to the resources of the country 
considerably more than the amount received from the sale of honey 
and wax. 

PRESENT SOURCES OF LOSS. 


There are several sources of great loss to bee keepers which might 
be eliminated to a large extent by careful manipulation, but there is 
much work which must be done before bee keepers are able to over- 
come all these difficulties. Certain losses are expected regularly, and, 
while some do their utmost to overcome them, an annual loss must 
figure in their calculations. 

Swarming.—The average bee keeper loses many of the swarms 
which issue from his hives, and these escaping swarms may well be 
valued at a high figure. By careful manipulation and the use of large 
hives swarming may be largely controlled, but among the majority 
of bee keepers too little attention is given to this phase of the work 
and nothing is done until the swarm actually issues. In the produc- 
tion of comb honey smaller hives are generally used, and the control 
of swarming becomes more difficult. Itis doubtless true that swarms 
aggregating in value $1,000,000 are lost every year. This loss may 
be considerably reduced. 
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The greatest obstacle in the control of swarming is the fact that 
the activities bringing on swarming are so little understood. This 
phenomenon represents the bee’s natural method of increasing the 
number of colonies, and it may be attributed to instinct. This, 
however, does not explain what factors induce the bees to swarm or 
what their activities are previous to swarming. When the behavior 
of the bees before and during swarming is better understood, we may 
have greater hope of a method of control. 

Winter losses.—The losses in winter are considerable, due largely 
to starvation, dampness, too long a time without a cleansing flight, 
or extreme cold weather. By wintering bees in cellars in the North 
this loss may be considerably reduced, but while much has been 
written on this subject the general loss to northern bee keepers is 
probably at least 10 per cent every winter. An even temperature of 
about 45° F. and a dry atmosphere are considered best, and the best 
method of obtaining these conditions is an individual problem. 

Where bee keepers do not pay any attention to the selection of 
their best stock for breeding purposes, the loss of 10 per cent or more 
of their colonies in winter must not be looked on as a total loss, for 
generally the poorest colonies succumb. In the southwestern part 
of the United States the winter problem can be said not to exist in 
the way it does in the North, and, as a result, a large part of the 
bees kept there are of poor stock, vastly inferior in many cases to 
equally neglected stock in portions of the country where winters are 
severe. 

On the other hand, in these warmer portions of the country it is 
necessary to leave much heavier stores of honey in the hives to carry 
the colonies over from one season of activity to the next, so that 
‘“‘wintering’’ is very expensive. It has been suggested seriously that 
colonies be placed in cold storage for several months to save this 
heavy consumption. 

‘‘Winter loss”’ is in many cases caused by disease, which so weakens 
the colony during the summer that it is not able to survive the winter. 
In such cases the bee keeper is usually ignorant of disease. 

Waste of wax.—No other manipulation of the apiary is so primitive 
as wax extraction and nowhere is there more room for improvement. 
As every bee keeper knows, it is difficult to remove wax from the 
comb, particularly in the case of old combs which have been used for 
brood rearing for years. The amount of wax wasted every year by 
inadequate methods of extraction amounts to thousands of dollars 
annually. In most cases over 10 per cent of the wax remains in the 
‘“‘slumgum,’”’ and even by careful work 5 per cent is left. By repeated 
rendering, the amount may be reduced, but the time necessary for 
this usually makes it unprofitable. 
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-With the advent of the movable-frame hive and honey extractor 
it became orthodox to continue the use of combs year after year. 
The invention of methods making this possible was of such great 
benefit to the apicultural industry that it may almost be said that 


without it there would be no industry. At the same time it may be 


that bee keepers have formed the habit of using their combs in this 
way, and in consequence are losing wax. It must not be overlooked 
that it is part of the life activity of bees to build wax, and in working 
bees to get the maximum financial return from them it may be 
desirable to allow them to spend some energy on wax production. 
For example, immediately after swarming, under natural conditions, 
bees secrete a large amount of wax; they also, of course, build wax 
at other times, but there is much more of a tendency then than at 
any other period of their activity. There is good reason to believe, 
also, that at the time specified the amount of honey consumed in 
building a pound of wax is less than at any other time. With wax 
worth so much more per pound than honey, it would seem to be 
desirable in some cases to take advantage of the wax-building ability 
of bees. 

In rendering wax from comb the usual procedure is to squeeze the 
combs in a press while hot. With but few exceptions, this is the only 
method used. Since this takes too long, and especially since all the 
wax can not possibly be removed, it would be wise to look for some 
other method. A better method would not only mean greater profits, 
but would be a gigantic step in advance in bee-disease eradication. 

The loss due to inadequate extraction does not, of course, include 
the enormous loss from wax which is thrown away or which is allowed 
to be destroyed by wax moths for lack of fumigation. 

Enemies.—When it is considered that bees live in a large com- 
munity and seemingly present an excellent opportunity for the 
intrusion of parasitic forms and predaceous animals, it is a matter 
of surprise that they are so free from this source of loss. 

The wax moths (Galleria mellonella L. and Achroia grisella Fab.) 
rarely trouble thrifty colonies, and therefore are not dreaded by 
progressive bee keepers in the colonies; they do, however, often 
destroy stored combs. 

* Diseases.—F rom the standpoint of present need there is no question 


in apiculture which at all compares in importance with the control of 


bee diseases. There are now recognized two distinct brood diseases 
which are contagious and which annually cause enormous losses to 
those engaged in the industry. There is reason, too, to believe that 
these diseases are spreading to new localities at a rapid rate, and 
unless vigorous steps are taken there can be no doubt that in afew 
years they will be distributed to every part of the United States. 
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The apathy of bee keepers, as a class, to these scourges is re- 
markable, in view of the fact that information is available which 
should point out the dangers now incurred by inadequate efforts 
toward the control of these pests, or in most cases by no effort at all. 

As an example of the annual loss from this source, the following 
figures, furnished the author by Mr. Charles Stewart, one of the 
State inspectors, from the statistics of the New York department of 
agriculture, are of value. These figures are based on the actual 
number of colonies suffering from European foul brood which were 
destroyed or ordered destroyed by the inspectors of apiaries and do 
not represent the decreased returns from colonies not treated or 
from those affected with disease and treated. This epidemic started 
about 1897. The decrease in annual loss will be discussed later. 


Previous to 1899. ....- ya song! $39; 008. | Dunmeudg0s? Sees ee. $4, 741 
Diaries WEOO he Ne eae ee ee 25, 420 1904... ... 2.222. 
TOO OR 25 sersee de Rie oie 20, 289 1905.5 «2... 1, 725 
QO RR cubital Gi 10, 853 
QO ie Sak Seer ess he we 5, 860 Total.........--22.22 3a 110, 491 


In the majority of cases it is absolutely impossible to estimate the 
losses, because so little is known of the actual territory covered; but 
if a loss of $25,000 is possible in a few counties in one State and 
there are many areas much larger where disease is equally epidemic, 
the loss may well be estimated at $2,000,000 annually. 

The figures of the epidemic in New York offer an excellent example 
of what may be done in eradicating a contagious disease. Unfor- 
tunately that State had no means for taking up an extermination of 
European foul brood as soon as it appeared, but steps were taken to — 
begin inspection as soon as such an innovation could be introduced. 
By hard work on the part of four competent inspectors the annual 
loss was rapidly reduced. The same results may be obtained any- 
where by the employment of competent men to do the work, so that 
_ from a rapidly spreading epidemic, threatening the bee industry, the 
situation is changed until the disease becomes not so much a scourge 
aS an inconvenience. In the case in question there can be no doubt 
that the annual loss would soon have reached $50,000 or that the 
industry would have been practically destroyed had no State aid 
been given just when it was. 

Not only is inspection of value in a case of this kind, but it is of 
inestimable value in making possible the stopping of an epidemic 
in its early stages. To continue with New York as an example, the 
same disease, European foul brood, has since broken out mn three 
other localities, but the force of inspectors went to work at once and 
there is little danger of serious trouble. It is safe to say that the 
value of inspection in this State is nearly equal to the annual value 
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of the industry in the State. The value of the honey and wax 
produced in New York in 1899—the year State inspection was 
instituted—is given as $352,795 in the census for 1900. This is 
obviously too low. 

Several States have passed laws for the control of these diseases 
and, in the majority of cases, the results are as good as can be ex- 
atoll. The laws are not jie all that could ae desired. Table 
1X shows the States having inspection and the force at work. 


TaBLeE IX.—Status of bee-disease inspection in the United States. 


/ Number | 


State. aaa As SORES Sof in- Principal disease. Authority. 
i spectors. | 
Saliornia. .2-.....- Counityes 22. 2222... 15 American foul brood......| | State law. 
lL a CT ee ee eee 1 i MRO oe ee | Do. 
NDS Re a Divisions of State. Zt |e GO he ey Do. 
Lith ee ‘SII eY ad FS ee 1 American foul brood and | State bee keepers’ as- 
European foul brood. sociation. (No police 
. power.) 
BMCINSAS See 2s... County. 2 oe 2 (?) American foul brood. .-.-... State law. 
MUIGHISaN =~... -.- SU ee aaa 1 American foul brood and Do. 
European foul brood. 
Minnesota .....---|..--.- GORE pe ey. 2(?)| American foul brood......- Do. 
“Sig. (| on al ere GOSS) ae tent aoe ute Do 
Webraska...2..-.. SOUMEVE ee o45 2 ke De UM se OE ena Sali Le Do 
WCE ee Ole ce ete go ee se A ee te ey ee ee ee ae 2 
New Mexico....... aes CD onan eh cok 1 American foul brood...-. Law against keeping 
/ diseased colonies. 
Mew sY Ors. -.2...- Divisions of State.) 4 European foul brood and | State law. 
American foul brood. 
Mite poeaty oe =, eee b Aare | 8 aes LORE Ss ee reer es Do. 
TRU A ee GO ~ ocd SO S| NE ares seen a: | apap oe Se se eat Sem ae (?) 
LSS eee Divisions of State. | 4 | American foul brood....-. | State law. 
JUD 22a MOUNGYs e520 seo came aati CORE eer te Se ee Do. 
“Washington.......|..... 7 i ae eee | ee rj Pe Ns A eee Do. 
Wisconsin......... SS VES ee ei Sede Meee eens a SES ee Do. 


Other States are at work on this same question and it may be, 
expected that within a few years the diseases will be controlled as 
much as is possible by inspection. 

Badly proportioned distribution of apiaries—A present source of 
loss to the industry as a whole is the fact that the available area for 
nectar gathering is not properly covered with apiaries; in some cases 
it is overstocked, but far more generally there is room for several 
times as many colonies. In pointing out the loss on this account it 
need scarcely be expected that a method for remedying the present 
conditions will immediately follow. 

As apiculture advances, more and more of the available bee terri- 
tory will be covered and, naturally, overstocking will be brought 
on in many cases. By natural growth of bee keeping the present 
lost nectar will probably be brought to the hives. Viewing the ques- 
tion, however, from the standpoint of the industry as a whole, it is 
desirable that this nectar be collected by bees under the manage- 
ment of intensive bee keepers—by men who can get the maximum 
crop from the bees. This can be brought about only by education 
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of the men engaged in the work to the greatest possible proficiency. 
It can not be hoped that men owning but a few colonies will be suffi- 
ciently interested to carry on intensive apiculture. If, therefore, 
efforts are put forth to bring the industry to its highest point, they 
should be directed toward the making of specialists in larger num- 
bers. Above all, there should be no ‘‘booming”’ of the industry, no 
effort to ‘‘popularize”’ it, for it is not desirable that everybody keep 
bees. Bee keeping requires careful work, and to get a financial profit 
is not possible in the majority of cases. To advocate bee keeping as 
a general avocation not only hurts reputable bee keepers but gen- 
erally leads to grave disappointment on the part of those who are 
led into it by glowing accounts. 


THE NEEDS AND POSSIBILITIES OF APICULTURE. 


That there is room for growth in the bee-keeping industry admits 
of no doubt. The fact that honey for table use is a luxury rather 
than a necessity makes possible a great increase in marketing by the 
creation of a desireforit. This is recognized by those who are engaged 
in the building up of a local market for their product, for it is found 
that the amount of honey consumed in a community increases rapidly 
when honey is brought to its attention. 

A large part of the honey put on the general market does not go 
into retail trade, but is used in manufacturing. This phase of the 
market is of relatively recent growth and, in spite of the fact that most 
bakers and confectioners pay a small price for honey, there is in this 
case also room for more. Several confectioners have stated to the 
author that they find it difficult to get enough honey in the general 
market for their own use. 

In discussing the needs of the bee-keeping industry these may per- 
haps be best divided under three headings—scientific, economic, and 
educational. In naming them it does not follow that all are absolute 
necessities before the industry can reach its highest perfection, but 
there are many lines which should be taken up which, while not neces- 
sary, are very desirable in order that the men engaged in the industry 
may be well informed concerning the various phases of the science. 


SCIENTIFIC NEEDS. 


Statistical.—In order that honey and wax may come to hold a stable 
place in the market there should be available more detailed statistics 
as to the scope of the industry and, following that, properly timed 
crop reports, so that the products may sell for what they are worth. 

Zoological.—tn spite of all that has been written on races of bees, 
the subject is far from being completely exhausted. More reliable 
work should also be done on the anatomy and embryology of the bee. 
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Numerous papers and books have been written on these subjects, 
especially on anatomy, but they generally prove incorrect and unscien- 
tific when carefully studied. It is regrettable that too often pseudo- 
scientists have been allowed to impose on the bee-keeping public by 
sending out publications purporting to be the results of research which 
are in reality compilations in large part, and the actual observations 
of the author are not based on a proper preparation for such work. 
The amount of work done on the physiology of the bee is indeed 
meager; the problem is a difficult one, but as technique is perfected 
such work should be taken up. The whole basis of practical api- 
culture is a knowledge of the behavior of the bee; without such 
knowledge there could be no good practical work. Probably no 
insect has been studied from this standpoint more than has the honey- 
bee, but every new piece of work done simply points out new lines of 
work that are desirable. 

Botanical.—Our knowledge of nectar-secreting plants now consists 
largely of random observations, usually for a limited locality, recorded 
in bee journals and books. Systematic work along this line; if done 
by competent observers, would give to the bee keeper the means of 
studying the possibilities of any locality as it can not now be done. 
More work is needed to give accurate information as to the part played 
_ by the honey bee in plant pollination, as well as data showing the 
present value of, and future possibilities in, that work. 

Bacteriological.—The cause of one brood disease is now known, @ 
but there is still a great deal of work to be done in the study of the 
bacteria of disease. This work is of the highest practical importance, 
for without a thorough knowledge of the organisms it is impossible to 
diagnose the more obscure samples, and only by a detailed study can 
information be gathered as to the amount of heat or disinfectant 
which must be used in combating disease. 

Chemical.—Considerable work has been done on honey analysis, 
and a recent publication? of the Bureau of Chemistry of this Depart- 
ment is an excellent piece of work which lays the foundation of a good 
market for pure honey in making it possible to detect adulteration. 
In addition to what is already done, there should be a more detailed 
study of honeys from individual honey-plant sources. 


ECONOMIC NEEDS. 


There is or should be no sharp distinction between scientific and 
practical bee keeping. Practical bee keeping is but the application 


a White, Dr.G. F.—The Cause of American Foul Brood. Circular No. 94, Bureau 
of Entomology, U.S. Dept. of Agriculture, 4 pp., 1907. 

b Browne, C. A., and Young, W. J.—Chemical Analysis and Composition of Ameri- 
can Honeys, including a Microscopical Study of Honey Pollen. Bulletin No. 110, 
Bureau of Chemistry, U. S. Dept. of Agriculture, 93 pp., VI plates, 1908. 
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of discoveries made by scientific work. It is not always recognized, 
but it is nevertheless true, that careful systematic work on methods 
of wintering, production of the maximum crop of comb or extracted 
honey, or the like, is really scientific work on the behavior of the bee, 
and, if done properly, is just as truly scientific work as any that has 
been mentioned previously. Breeding of better bees and inspection 
for disease or for honey adulteration are but practical applications of 
scientific investigations. 

The question of breeding is economic and very important. It is 
doubtless a fact that at least three-fourths of the colonies of bees now 
found in the United States are not what they should be or what they 
would be if proper attention were paid to breeding. By requeening 
such colonies from good stock the annual output of honey would be 
enormously increased, provided, of course, that the improved stock 
were properly manipulated. 

At present the tendency among bee keepers is to accomplish by manipulation the 
things which would be attempted in breeding. Thus, instead of breeding for non- 
swarming bees, we have attempts at the construction of hives which provide environ- 
ments conducive to nonswarming. Instead of breeding for prolificness we have trials 
at using two queens in one hive to get the same result. Good wintering qualities are 
replaced by extra care in wintering, and tongue length becomes less important by the 
use of alsike clover for pasturage in place of red clover, the nectar of which is largely 
lost to the honey bee. Activity in honey gathering is replaced by the keeping of a 
large number of colonies. 

As long as the bee-keeping field is not more completely filled, these methods of avoid- 
ing the breeding problem will be more or less successful. The time should come, 
however, and probably will, when bee keepers can no longer neglect this line of work.¢@ 


EDUCATIONAL NEEDS. 


While the problems above enumerated represent a vast amount 
of work which must be done, the problem which entails the greatest 
amount of labor is the spread of information to the individual bee 
keepers who want it. Several agencies are now at work doing valu- 
able service, among which may be mentioned the journals devoted to 
bee keeping, associations of bee keepers, the teaching of apiculture 
in some agricultural colleges, and the work of some experiment 
stations. The Bureau of Entomology aims to aid in the work. 
Most of the text-books on bee keeping are educational rather than 
records of personal investigation, for in large part they very prop- 
erly draw from many sources and prepare the data for the use of the 
bee keepers. | 

First of all there must be an improvement in the methods of com- 
piling the work done by others. The literature on bee keeping is 
so enormous that the average individual can not attempt to cover 


a 1908. American Breeders’ Association, Vol. IV, pp. 200-201. . 
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it, and to aid in this phase of the work this Bureau is arranging a 
bibliography of apicultural papers and books. This has been begun 
-only recently, but it now contains about 8,000 titles and is growing 
rapidly. This bibliography is in conjunction with the files contain- 
ing the results of investigations carried on in the Bureau, as well 
as synopses, translations, and notes on the work of others in various 
branches of the subject. 

The greatest difficulty encountered is the finding of the way to 
get in touch with the bee keepers to present to them the results of 
work. Naturally the bee journals are anxious to do the same thing 
to increase their subscription lists, and the associations to increase 
their membership. The Bureau of Entomology has recently tried, 
as an experiment, direct communication with all the bee keepers 
in Massachusetts and the results are highly satisfactory; so much so, 
in fact, that the same work is being carried on in two other States. 
The amount of time and work that is necessary, however, makes it 
impossible to carry out this work generally. 

Under this heading comes also the education of the public to the 
use of honey. In most cases this must be done by the bee keeper 
in his own locality. The average amount of honey consumed per 
individual is now too small, and can be increased by some proper 
_ means of bringing it to the attention of the public. 

When the situation is carefully studied, it becomes evident that 
the possible annual crop of honey and wax is several times greater 
than the present crop. If bee diseases can be properly controlled 
and good information be properly disseminated, there is good reason 
for considering the future of commercial apiculture as very hopeful. | 
The industry of apiculture depends on commercial bee keepers and 
not on the bee keeper with small interests. 


SUMMARY. 


The growth of apiculture during the past half century has been 
remarkable and its present extent is little understood. 

Bee keeping is usually not the sole occupation, but is a side line. 

There are in the United States over 700,000 bee keepers producing 
annually $20,000,000 worth,of honey and $2,000,000 worth of beeswax. 

The average number of colonies per bee keeper is less than 6. 

The annual importation of honey amounts to about 2,500,000 
pounds, and that of wax to about 700,000 pounds. 

The honey bee probably does more good to American agriculture 
as a pollenizing agent than as a honey producer. 

The present sources of loss are due to swarming, winter losses, 
waste of wax, enemies, disease, and wasted nectar. Of these sources 
of loss, contagious diseases are the greatest and demand attention. 
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There is much need of further investigations in apiculture 
few of the desirable lines of work are pointed out. Thework to 


Bee keeping as an industry is benefited only by the n 
expert bee keepers financially interested in the business. " 
sons interested but little are a serious detriment to the a 
especially in regions where bee diseases exist. | 
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BEE KEEPING IN MASSACHUSETTS. 


By Burton N. GATES, 
Expert in Apiculture. 


HISTORICAL SKETCH. 


When. in 1620, the Pilgrims landed at Plymouth, this country knew 
no bees; the Indians in their languages had no equivalents for bee, 
honey, or wax. In Elhot’s remarkable translation of the Bible he 
was obliged to use the English word for honey, with sometimes an 
Indian termination. Scarcely, however, had churches been erected, 
scarcely were clearings made in the wilderness for growing agricul- 
tural necessities, when the settlers turned their attention to securing 
honey bees from England. That such remarkably early trans-At- 
lantic shipments of bees were successful there can be no doubt. 
Josselyn, who visited New England twice, once in 1638 and again in 
1663, speaks of “ the honey-bee, which are carried over by the English 
and thrive there exceedingly,’ * but he does not tell when the first 
attempts to secure bees were made. Belknap,’? however, wrote “ that 
the first person who brought a hive of bees to this country [| New 
England] was rewarded with a grant of land; but the person’s name, 
or the place where the land lay, to whom the grant was made, I have 
not been able to learn.” Unfortunately the records of the Colonies 
were not available to Belknap. 

Newbury, a coast town north of Boston, was established in 1635. 
There the first effort to promote bee keeping in the New World was 
made. Furthermore, the importance of the industry was of munic- 
ipal moment to the extent of holding out to one John Eales, who was 


@ Josselyn, John. 1675. An Account of Two Voyages to New England, p. 120. 
Second edition. London. ‘ The second edition is the first, with a new title 
page merely.’—Sabin. Reprinted in Massachusetts Historical Society Collec- 
tions, Vol. III, third series, p. 292, and by William Veazie, Boston, 1865. 

‘Belknap, Jeremy. 1792. A Discourse Intended to Commemorate the Discoy- 
ery of America * * * to which are added, four dissertations * * * 3, 
On the Question, Whether the Honey-bee is a Native of America? * * * 
Boston, Belknap & Hall, 182 pages, 
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then living in what is now Hingham, Mass., an inducement to come 
to Newbury for the purpose of teaching the settlers how to make hives 
and to care for bees. In August, 1644, Eales came “to one John 
Davis a Renter of a farm with ye expectation of his doing service 
which the Towne was not acquainted with.”* Apparently, however, 
John Eales was not, financially or otherwise, a success. He was later 
arrested and put in jail in Ipswich, according to the record, and, on 
May 14, 1645, “ It is conceived John Eales should be placed in some 
convenient place where he may be implied in his trade of bee-hive 
making, etc.; & ye town of Newbury to make up what his work 
wanteth of defraying ye charge of his livelyhoode.” ” 

There can be httle doubt that John Eales is the man to whom 
Belknap refers and to whom credit is due as the earliest bee keeper 
in the colonies.© 

Further convincing evidence of the very early introduction of 
bees into New England is the date of their importation which Haydn 4 
gives. According to this author, “ bees were introduced into Boston, 
New England, in 1670, and have since spread over the continent.” 
The source of his information is not given, but it is probably in some 
of the port records and can not refer to the first importation. 

From these early times until more than a century later little or 
nothing is known of bee keeping in the State. In fact, during this 
epoch apiculture in the Old World was not well developed. It was 
not until the middle of the eighteenth century that writings on 
bees began to appear in Europe in any considerable number. Bees 


were receiving some attention in Massachusetts at this time, as is | 


a4 Massachusetts Archives, Vol. L, pp. 4-5. [Manuscripts in the State House, 
Boston. } 

61858. Records of the Governor and Company of the Massachusetts Bay in 
New England. Boston. Vol. 2, p. 101. [Period covered, 1642-1649.] John 
Eales was “ Freeman made att the Generall Court, May 14, 1634.” Ibid., Vol. 1, 
p. 369. 

© See also: Adams, George W. 1906. Massachusetts Bee Keeping in 1644. 
American Bee Keeper, Vol. XVI, pp: 280-281. 

Gerstiicker, A. 1862. Uber die geographische Verbreitung und die Abinder- 
ungen der Honigbiene nebst Bemerkungen itiber die Ausliindischen Honigbienen 
der alten Welt. (Zur XI. Wanderversammlung Deutsche Bienenwirthe zu 
Potsdam am 17, 18, und 19 September, 1862.) Potsdam. According to Von 
Buttel-Reepen this paper was given as “a card of admission” to those attend- 


ing the Potsdam meeting. It has apparently become lost, excepting one copy 


from which Von Buttel-Reepen reprinted it as a part of his paper, “Apistica.” 

Von Buttel-Reepen, Dr. H. 1906. Apistica. Beitriige zur Systematik, 
Biologie, sowie zur geschichtlichen und geographischen Verbreitung der Honig- 
biene (Apis mellifica L.), ihrer Varietiiten und der itibrigen Apis-arten. 
Mittheilungen aus dem Zoologischen Museum zu Berlin, III, Heft 2, 8 fig., pp. 
IV+121-201. Issued also as a separate. 


@ Haydn, Joseph. 1904. Haydn’s Dictionary of Dates and Universal Informa- 


tion, 23d edition. New York. Also other editions, 
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shown by a letter of a father to his son, dated, “ Sutton [Massa- 
chusetts] June the 2d, 1788.” * Besides speaking of sending to his son 
some homespun clothes the father adds, “as for news we have no 
erate to rite to you our bees have swormed yesterday and they flew of 
today.” 

New England is reputed to have suffered severely from attacks of 
- bee moths in the early part of the nineteenth century. There appears 
to have been a period of general devastation by this enemy from 
about 1800 to 1850. It handicapped the industry considerably, and, 
according to some, completely wiped it out in certain localities. Writ- 
ing from Greenfield in 1853, L. L. Langstroth says: “ The present 
condition of practical bee keeping in this country |meaning the whole 
of New England and New York] is known to be deplorably low. 
From the great mass of agriculturalists * * * it receives not 
the shghtest attention.” There is room for considerable doubt, how- 
ever, whether the moth was the primary cause of this devastation, as 
is explained below under the headings, “ Enemies ” and ‘* Disease.” 

At the middle of the nineteenth century Langstroth, who had been 
experimenting for several years, brought out his invention, the 
movable-frame hive. As is explained under the head of ‘“ Hives,” 
this revolutionized the industry; at that time modern bee keeping 
began. 

Considering the very early date of the first introduction of bees 
to what is now Massachusetts, and that from this locality as a center 
much of the present-day bee keeping’ spread westward with the 
home seekers, it is not a little surprising to discover so few extensive 
bee keepers in Massachusetts, while there are many in New York 
and Vermont. Compensating, however, for the lack of extensive 
bee keepers, there is a vast number of small apiaries; their number 
in proportion to the territory is probably greater than in any other 
State in the Union. There are at least 2,100 % who derive some profit 
from their bees. Were these 2,100 to keep twenty-five colonies each 


74 photograph of this letter is in the possession of the writer. 

‘Langstroth, L. L. 1853. Langstroth on the Hive and the Honey-Bee, a 
Bee-Keeper’s Manual. Northampton. First edition. 

©The details of the present status of bee keeping in this paper are based 
upon the returns from a series of questions sent to every known bee keeper 
in Massachusetts. The method of securing the statistics was described in the 
author’s paper read before the Association of Economie Entomologists, Balti- 
more, Md., December 29, 1908. This paper is published in the Journal of 
Economie Entomology, Vol. II, No. 2, pp. 117-120, April, 1909. 

4By actual count, the recorded bee keepers for Massachusetts number 2,127. 
This exceeds the number recorded in the 1900 census by 828, which, consider- 
ing that the author’s work was accomplished through mail while the federal 
census is the result of a house-to-house canvass, suggests a deficiency in the 
figures of the federal census reports. Of the 2,127, 1,050 reported. 
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and were their apiaries properly distributed over the State, there 
might not be forage enough to support them; but such is far from 
reality. The average is only five and a half colonies per bee keeper. 
which is evidently too small. In this is a key to the bee-keeping 
situation of the State; if the resources are to be fully utilized, more 
bees must be kept, not by more bee keepers, for there are too many 
small ones at present, but by several hundred proficient and energetic 
bee men properly distributed. 


EXPERIENCE OF BEE KEEPERS IN MASSACHUSETTS. 


Although there are too few bees kept, it is interesting to ascertain 
how experienced the Massachusetts bee keepers now are. In order 
to gain this information, a question, ‘“ How long have you kept bees? ” 
was included in the list of questions circulated throughout the State. 
By thus knowing the length of time these men have been keeping 
bees, some idea of their proficiency may be reached. Of those who 
reported to the author, 38 per cent have had less than five years’ 
experience and must consequently be classed as amateurs. While this 
array of amateurs, at first glance, appears high, it becomes more 
significant upon considering that 382 per cent, having successfully 
passed their apprenticeship, report from five to fifteen years’ experi- 
ence, or, in other words, have persisted and succeeded in bee keeping. 
On the other hand, roughly estimating, 50 per cent of the bee keepers 
who undertake this branch of agriculture discontinue it within their 
first five years’ trial. This is not due to lack of possibilities in the 
bee-keeping industry, but must be attributed in a large measure to 
sensational presentation, in the popular press and elsewhere, of the 
ease of managing and the huge profits to be derived from bees. 


This overstimulation of the bee industry is a positive detriment to the © 


bee-keeping interests. The number of persons who have taken and 
will take time for a proper study of bee culture is exceedingly limited 
in proportion to the number who undertake the work uninstructed. 
Consequently a 50 per cent weeding-out process during the first five 
years of attempted bee culture is a stroke of fortune for the industry. 
After fifteen years’ experience, and before the twenty-five-year mark 
of service is passed, there is another falling off. The figures of this 
census show that 16 per cent of those reporting have kept bees from 
fifteen to twenty-five years, which, when it is considered that a bee 
keeper is well along in life by that time and often must necessarily 
relieve himself of care and work, is exactly what might be expected. 
No less interesting is the fact that 16 per cent continue after twenty- 
five years of service. These are the truly old bee keepers, many of 
whom remember Langstroth and his experimenting. While they 
may not be exactly up-to-date, they are to be respected for their 
persistency, 
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For purposes of comparison divide the State into two sections, the 
eastern section to include Worcester County and all other eastern 
counties save Barnstable County, which is not at all comparable 
either in population or from an agricultural point of view. If these 
two sections be contrasted, there will be found an obvious difference 
in their population. In the eastern section the cities and towns are 
large and the population concentrated, while in the western part the 
population is less dense and is thus far less influenced, on the whole, 
by large communities than the eastern section. It is in the large 
communities that bee keeping is usually promoted by supply houses 
and conventions, and it is there also that the majority who seek rural 
recreation along lines promoted by popular agricultural papers 
reside. Consequently, it is to be expected that the progress and 
stimulation of bee keeping, either as a recreation or an industry, 
should first be felt in and adjacent to these communities. This is 
precisely what is noticeable in Massachusetts. Back in the country 
of the more strictly rural section of the State, where population 
acquires but slowly the progressive impulses which are first launched 
in the larger communities, there are fewer new or amateur bee 
keepers than in the more thickly populated eastern section. In this 
western section the ratio of beginners to advanced bee keepers is as 30 
to 70; while in the eastern section, where are found two bee-keepers’ 
societies, the proportion of beginners is larger, with a possible ratio of 
41 to 59. Aside from the influence of societies in the eastern section, 
supply houses have had a noticeable effect in stimulating popular in- 
terest and in promoting new and improved methods. As is pointed 
out above, sensational stimulation is unfavorable to the industry. 


TABLE I.—Proportion of amateurs to practiced bee keepers in the eastern and 
western sections of Massachusetts. 


; Practiced bee keepers. Total 
Amateur bee keep- se ber 
Section of State. ers (5 years and A bee 
less). 5 to15 | 15 to 25 | 2hyears eepers 


Percent.! report- 


years. years. ‘and over. : 
ing. 


Number. | Per cent. | Number. | Number. | Number. 

West of Worcester County..... 95 30 105 56 67 70 323 
Worcester County and east, 

exclusive of Barnstable 

J 209 104 94 59 709 

Barnstable County .........- 1 > 7 See ae 8 6 ty Mcainneara a Ae 18 


Total for the State....... | 400 38 322 166 162 | 62 1, 050 
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NUMBER OF COLONIES PER BEE KEEPER. 


There are but two bee keepers in the State who report more than 
100 colonies, but several have nearly this number. 


TABLE II.—Location of Massachusetts’ largest apiaries, as reported for 1906. 


| 
‘ 100 colo- |) eli | 100 colo- 
: 50 to 75 | 75 to 100]-. ; : 50 to 75 | 75 to 100} -. 
County. colonies. | colonies. are ee County. colonies. | colonies. Ge and 
, ver. 
| 
Barnstable faucets Wav tearoom Ls scales cee Middlesex. 0.22223 4 i eee sere 
IMNSSOK ote a ee ee ss DiWie boss lie Nereis Pivymouwthe.st.33ce0 je Pee ae FE a2 
Lesh ols) aU ee De ie 2 Dstt eepere o ooo 
Hampden. 22.2... se< De Ree racers \ayatane aoe Total= e222 9 3 2 
Hampshire ........ Alene tae ele ae een ee | 
| 


“One of these bee keepers writes that he increased from 55 to 133 colonies in 1906. 


It is a peculiar fact that in Worcester County, where more bees 
are to be found than in any other county and where bee keeping is 
progressive, none reports 50 colonies and few have even 25. The 
two largest bee keepers in the State are located in Plymouth County. 
That there are so few large bee keepers in Massachusetts is due, in 
the writer’s estimation, to the heretofore unrecognized ravages of 
disease. This is discussed elsewhere in this paper and in another 
publication of this Bureau. In Middlesex County, for instance, 
where, so far as at present known, disease is not prevalent, the 
greatest number of large bee keepers is found and also the second 
greatest number of colonies. 


DISTRIBUTION OF BEES IN MASSACHUSETTS. 


In the eastern section, exclusive of Barnstable County, with its 
high ratio of novices, there are practically as many colonies of bees 
per bee keeper as in the western section. According to the figures for 
1906, the following table presents the conditions: 


_ TABLE III.—Distribution of bees in Massachusetts. 


| 
Spring. | 
Fall— 


Section of State. Number | Colonies! of col- 


of col- er bee | onies. 
onies. eeper. 
West'ick Worcester County oscars oe ee eee ee 1, 760 5.4 2,530 
Worcester County and east, exclusive of Barnstable County..........-- 3, 897 5.9 5, 595 
Barnstable: County: ie ee eee ees saneaee see eee ee Eee eee 182 10.0 227 
Totalior the State —----5s-se< ORS Sere a ROLY tad ate ieee ae ees See 5, 839 5. 8, 352 


From the foregoing table it will be seen that the minimum number 
of colonies is in direct disproportion to the large number of bee 


@ Gates, Burton N. 1908. Bee Diseases in Massachusetts. Bulletin No. 75, 
Part III, Bureau of Entomology, U. 8S. Department of Agriculture. Wash- 
ington. Bul. 124, Mass. Agr. Exp. Station. 
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keepers. The large population might account for this in the east, 
but this does not explain why the western bee keepers have not 
enlarged their apiaries, which without question should ultimately 
result. Again, disease is beginning to exert its influence, and a more 
general understanding of its nature and remedies should benefit the 


industry. 
INCREASE IN NUMBER OF COLONIES. 


The figures on increase which the writer obtained show an increase 
from 5,839 colonies in the spring to 8,350 colonies in the fall of 1906, 
a gain of 2,413 colonies, or 42 per cent. This is below normal and 
suggests the prevalence of bee diseases. 


PRODUCTION OF HONEY AND WAX. 


The subject of first importance to every bee keeper is the crop— 
How much honey and wax do the bees produce? Unfortunately, 
however, the majority do not go beyond this and ask how much ought 
the yield to be? 


HONEY CROP. 


The honey production of the State is little more than one-tenth 
what it might be. The markets demand much more honey than is 
produced in the State. As nearly as can be ascertained, some 80 tons 
of honey are annually harvested. Most of this is not shipped, but 


-is consumed by the producer or his neighbors. There is no evidence 


that any honey is shipped out of the State; on the contrary, much 
comb and extracted honey is annually imported from Vermont, New 
York, and sometimes from the far West and South.* 

Approximately 100 tons represents the total consumption during 
1906. This consumption varies greatly from year to year, depending 
on the crop, as, for instance, in 1907, when scarcely any honey was 
obtainable in the market. The man who shipped 54 tons from Ver- 
mont the previous year sent less than 1,000 pounds in 1907. None 
was received from New York, as in the previous year. But the 
estimate for 1906 of 100 tons is only one-half the amount estimated 
as consumed in 1904.2. That year 200 tons, divided among the 


“Tn 1906, 54 tons came to Worcester from Vermont; from New York State 24 
tons. In Boston the imports, according to this authority, were approximately 
the same. It may be roughly estimated, therefore, that for 1906 at least 16 or 
at most 20 tons were received from points outside of the State. This informa- 
tion was kindly furnished the writer by Hon. W. H. Blodget, in a letter dated 
Worcester, Mass., April 11, 1908. : 

6 Gates, Burton N., and Dr. C. F. Hodge. 1904. Bee Keeping; How to meet 
its dangers and difficulties. Mass. Crop Rept., vol. 17, No. 6, pp. 30-40, Boston. 
October. Also Fifty-second Ann. Rept. of the Secretary of the Mass, St. Bd. of 


Agric., pp. 411-426, Boston, 1905. 


78009—Bul. 75, pt 7—09——2 
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inhabitants of the State, would have allowed less than two table- 
spoonfuls per capita as a year’s ration. Since then, however, the 
population has increased to more than 3,000,000," and with the esti- 
mated crop of 100 tons in 1906 would have afforded each person less 
than one tablespoonful. Too little honey is available in Massa- 
chusetts. This is borne out by the common experience of those who 
try to buy extracted honey in convenient amounts or even in bulk 
for table use. The writer’s experience is that it is almost impossible 
to purchase at retail a 60-pound can of good honey or even of a 
poorer grade at any price. As for being able to buy a gallon or a 
quart, it is impossible unless the purchaser is willing to pay a high 
price for a lot of small, fancy bottles, which may or may not contain 
good-grade honey. With these facts in mind, it is evident that much 
may be done to improve the retail trade in extracted honey. Comb 
honey, on the other hand, is usually available either from a producer 
or a retail store. 

The crop in Massachusetts for 1906, as reported by something less 
than half the number of bee keepers recorded, was 145,257 pounds, 
approximately 73 tons; but since only a little over half the re- 
corded bee keepers were heard from, 80 tons would be a conservative 
estimate, as is shown below. It is somewhat surprising that this study 
should show the largest recorded crop, and especially so in view of the 
fact that the investigation was carried on through the mails, while 
census data are obtained by personal canvass. This at least suggests 
that the census figures probably do not justly represent the industry. 

Although 145,257 pounds of honey, of which 108,660 pounds was 
comb and 36,597 was extracted, is the heaviest crop recorded for the 
State, the product looks pitifully small when it is remembered that 
single apiarists in the West frequently produce in a season a fourth 
to a third more honey than Massachusetts’ annual crop. If the 
actually recorded crop is divided by the number of colonies reported 
in the spring of 1906, this is an average of but 24 pounds per colony. 
Conservatively estimating from experience and reports of large prac- 
tical apiarists in New York State and the West, the average yield, 
considering all classes of bee keepers, should be about 35 pounds. 
This would have made Massachusetts’ crop, merely from the recorded 
number of colonies, spring count, 204,330 pounds, or 102 tons. Con- 
sequently the estimate of 80 tons, assumed for convenience, is safe. 
The question is, however, a larger one. The possibilities of the for- 
age and the number of colonies which it would support is more vital 
than criticism of the present discrepancy. The writer has already 


@Mass. Census, 1905, population 3,003,680. 
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stated * that Massachusetts can support approximately 40,000 colonies 
of bees. This number, producing an average of 35 pounds of honey 
to the colony, would supply 1,400,000 pounds, or 700 tons, of honey a 
year, contrasted with 73 tons. This crop would not be especially 
burdensome, and, divided among the people, each would have less 
than a half nee a year. Furthermore, there is no immediate 
danger of the production of any such amount. 


TABLE IV.—Honey and wax production reported in Massachusetts. 


Date. Honey. Wax. Sources of data. 


Pounds. Pounds. 


DSO. uv beéusee a | 1,196 U.S. Census Rept. for 1840. 

St EN aya efatataiercc cine wneallcc cede wcecee a59, 508 U.S. Census Rept. for 1850. 

EDO MeeGenisiass\cisinss occas 5 s.--s 73. 677 2,324.5 | 3d Ann. Rept. Sec. Mass. Bd. Agric. for 1856. 
Tei. ot oo eStghesetSeEe eee 59, 125 3, 289 U.S. Census Rept. for 1860. 

ED MeE ee mec cniccccclesesc cess 80, 356 2, 454 13th Ann. Rept. Sec. Mass. Bd. Agric. for 1866. 
HGWO). 5 coo 56 Secs pepe eee eee 25, 299 1,195 U.S. Census Rept. for 1870. 

NT EERE oie aia s:a:cs.acicls Sass 49, 397 2,463 U.S. Census Rept. for 1880. 

LSM)... - 3S. Osco eee 90, 929 1, 690 U.S. Census Rept. for 1890. 

TOG os 56 A 109, 050 6, 250 U.S. Census Rept. for 1900. 

UO03. sco aa geese ae 6145, 257 1, 289 The author’s census. 


“Includes both honey and wax product. 
> Wxtracted, 36,597 pounds; comb, 108,660 pounds. 


WAX CROP. 


It is customary for bee keepers to save their old combs from year 
to year before rendering them, which produces an annual variation 
in the product. Futhermore, outbreaks of bee diseases cause much 
more comb to be rendered. Severe winters, which frequently result 
in a loss of bees, usually produce a relative increase in the wax 
output the following year. It is therefore difficult to calculate a 
representative annual product of wax. The commercial importance 
of the wax crop, and the relative returns from it as compared with 
honey, are gradually becoming more and more realized; therefore, 
as the honey product increases it is to be expected that the wax out- 
put will proportionally increase. Table IV presents all the recorded 
information on wax production in Massachusetts. 


SOURCES OF HONEY. 


Too little attention is given the nectar-yielding flora, even among 
those who seek a livelihood in the production of honey. Although 
it is sometimes difficult to learn the sources from which bees get 


eee. A, Bur. Ent. Bul. 75, Pt. IIT, 23. Allowing an average of 100 
to 125 acres to support a colony of bees, aes on experience of large bee 
keepers who maintain a series of outyards, and eliminating 500 square miles as 
probably unavailable for bee pasturage, there remain 7,814 square miles, or 
5,000,960 acres, for forage in Massachusetts, which would support approximately 
40,000 to 50,000 colonies of bees. 
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their stores, a bee keeper should have some knowledge of the honey 
plants of his locality and their honey value. 

White clover——Among the several clovers, white clover ranks first. 
It is found in nearly all quarters of the State, but flourishes best on 
limed or limestone soils, and is particularly abundant in the northern 
and western parts of the State. Just over the line in the Champlain 
Valley of Vermont the chief source of honey is white clover, which 
grows there in tangles and mats. White clover honey ranks high 
in the market; its color and flavor make it one of the finest of Ameri- 
can honeys. 

Alstke clover.—This is frequently sown for forage, and is become 
more and more renowned as a honey source. Under favorable con- 
ditions it yields not only a good quality of nectar, but large quanti- 
ties of it. It rivals the red clover, on which bees work to a limited 
extent, but 1n which the vast stores of nectar are too deep in the 
flower tubes to be within reach of the bee’s tongue. Alsike blooms 
with white clover and will bloom a second time when white clover 
has ceased, thus prolonging the honey flow from clover. 

Red clover.—This 1s also a more or less continuous bloomer, which, 
inasmuch as the second flowering brings smaller, shorter-tubed heads, 
is somewhat accessible to bees. 

Sweet clover.—There are two species, white and yellow, but neither 
is abundant in Massachusetts. It is a bountiful source of honey else- 
where, and may become so in this State. 

Crimson clover.—As a honey plant this is of slight importance 
as far north as Massachusetts. 

Golden-rod and asters—These plants, as reported in this State, 
rank close to the clovers in nectar secretions. Both begin to flower 
in July and continue until frost. The early bloom, however, is not 
visited by bees to any extent, and it is not until September that the 
flow begins, when the hive takes on a characteristic strong and pleas- 
ant odor. The honey, though rather dark and thick, has a rich, 
aromatic flavor, which many people consider superior. In Massachu- 
setts a marketable surplus is frequently taken in September. 

Fruit bloom.—Apple, pear, cherry, plum, peach, etc., which are 
found in abundance throughout the State, are next in importance. 
Fruit bloom is the source of early stores upon which the colonies 
build up for the clover harvest. Insufficient numbers of bees at this 
season and unfavorable weather make it difficult to secure a surplus 
from this source, but the fortunate bee keeper who does secure a crop 
should realize that he has a superior product. The body is heavy, the 
color is clear and light (usually an amber), and the flow comes with 


a rush which insures handsome sections; but best of all is the exquisite. 


aroma of the apple blossom, which places fruit-bloom honey in a 
class by itself, 
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Linden or basswood.—Cutting for lumber has tremendously re- 
duced the number of basswood trees in the State. It was once gen- 
erally distributed in the forests, but at present occurs largely only in 
the northern and western woods. This is doubtless the most val- 
unable tree honey plant in Massachusetts and, together with its value 
for timber, merits cultivation. It makes a fine shade tree. The 
honey has quite a characteristic flavor and aroma, but requires to be 
well ripened before its delicious qualities are appreciable. 

Buckwheat.—This is a famous honey plant in New York State and 
is reported from all counties of Massachusetts. Here, however, it is 
far less extensively grown than across the line. Some bee keepers say 
they plant small fields for the sake of their bees, but there is great 
doubt if the bees benefit materially by it except in cases of extreme 
scarcity of nectar. The honey is dark, with a brownish or purplish 
cast, a heavy body, and a strong, rank flavor to those who are accus- 
tomed to more delicate honeys, such as clover or fruit bloom. Many 
in New York State, however, often prefer buckwheat to clover honey. 
Especially if extracted, it usually commands a good price. 

Wad raspberry and blackberry.—tIn the highland pastures wild 
raspberry and blackberry abound. The nectar flow is of long dura- 
tion, beginning soon after fruit bloom has ceased, and thus is an 
important stimulant for the clover harvest to follow. Cultivated 
varieties are quite as valuable for forage as the wild species. 

Sumac.—There are several species of sumac which are important 
honey sources, but which are greatly underestimated by the majority 
of bee keepers. They are free bloomers and flourish in nearly all 
parts of the State. Apparently, however, the nectar yield is some- 
what erratic. The writer recalls seasons in Worcester County when 
bees paid no attention to the great heads of greenish flowers. Sumac 
honey, although not light, has a clear and firm body with a pleasant 
flavor. 

Locust.—Like the basswoods, locusts have been largely cut from 
the woodlands. There are several species now found to a limited 
extent by roadsides and in pasture walls, where they are valuable 
forage for bees. In Colrain, Franklin County, one bee keeper at- 
tempted to cultivate locust for his bees, but met with no great returns 
for his efforts. Another bee keeper reports that locust is sporadic, 
yielding nectar only once in three years. 

Maple—aA considerable number of bee keepers report that maple 
is a honey plant. It is, to be sure, one of the best sources of pollen in 
early spring, which doubtless has confused the bee keepers and caused 
them to report it as a honey plant. Swamp maple is especially val- 
uable in early brood rearing. Maple is probably of less importance 
as a honey source than, for instance, the mints, strawberry, and milk- 
weed, which were reported but a few times, 
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Clethra.—This is also known as black alder’and sweet pepper bush, 
and is a valuable honey-secreting plant, largely confined to a belt 
paralleling the eastern coast, where it thrives in profusion. The 
aroma, a sweet smell, powerful and penetrating, may be perceived a 
long distance from the bush. Bees work upon it freely, and unques- 
tionably produce considerable surplus honey, which is of good body 
and light color. 

These, so far as bee keepers’ observations afford, are the most 
prominent honey plants. Of the remaining list—each reported from 
one to fifteen times—milkweed, wild cherry, knotweed, dandelion, 
strawberry, chestnut, mints, gill-over-the-ground, and mustard are of 
most importance. No one of these taken alone is a source of surplus 
honey in Massachusetts, but all are important in the total yield. The 
writer has observed, in the spring when fruit trees are in bloom, a 
perceptible effect of dandelion nectar upon the delicate flavor of 
fruit-bloom honey, producing the characteristic bitterish taste. 

Milkweed.—Where milkweed occurs in large quantities it is a val- 
uable honey plant. In Berkshire County, Mr. Dewey, of Great Bar- 
rington, reports that milkweed is an important source of nectar. 

One bee keeper in Hampshire County reports the Tartarian honey- 
suckle as important and very productive. Sunflowers are valuable 
but must occur in considerable numbers to make a perceptible differ- 
ence in the crop. 

Most of these plants are quite as important, so far as the economy 
of the bee is concerned, for their pollen as for their nectar. For 
instance, the willow and skunk cabbage, while they are reported as 
honey plants, are far more important as pollen yielders, because at 
their season of bloom pollen is scarce. The chestnut and, to a certain 
extent, the dandelion are more valuable for the pollen which they 
yield than for the honey. 


THE MORE IMPORTANT HONEY PLANTS IN MASSACHUSETTS. 


TABLE V.—List of the more important honey plants in Massachusetts. 


[ Arranged according to frequency of report. ] 


: Times 

Name. reported, 

Clovers: 
White (Prifolium repens) cc ss.onn kc boo cin eee Hea wena aS eee a see eee ee 626 
Alsike: (2. hybridwim) isos coke OS eo SR oe a oie eee ee ee 37 
Red! (CP. Pratense)inctae sh A asc Seo aoe me scene Heel ets oe See ee eee 7 
Crimson \( 2 ¢ncarnatun))< 522s Mewes < Sos Shee See ee oe ne ee 3 
Sweet (Melilotus albajand MM. Oficinalts)\cncc cosas =n eee ae nee ee ee 3 
Yellow (2.:@grartwm) ccs schon ate seo re SER ee roe eee oe ee fe ee il 
677 
Golden-rods (Solidago ‘spps)...06.255 SoS Se a Ae ioe oe ne ee ee ee ee 330 
Asters (Aster Spp. ios nse. coos on cweenbe Ske 2 owas nha nese 6 eee Ee eee ae ee er 99 
429 
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Massachusetts—Count'd. 


| 


Times 
Name. reported. 
Fruit bloom (includes pear (Pyrus spp.), apple, cherry, peach, plum ees spp.), etc... 337 
ECE NSO 1 (LCL. HDDs) r< ten Socios eo a aa oewae ota michele wives dashes cewdptwhuce sade sactee 160 
Rae MAME ELE OD UT UTE SOY) ). otcatahiewieais od wide oie alee wo:niainin cldiee cde cue wilscde owewomwaresciea 144 
| 641 
RE UPER RL YES ES) Pa) asian ot ec hens eR ee Oe ee wa ale eee AoE s ciles Seine sae bean comer ee jsmac “103 
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“Does not yield every year; 


LIST OF PLANTS 


““Once in three years, 


REPORTED RELATIVELY 


9? 


one bee keeper says. 


FEW TIMES. 


(Reported from one to fifteen times.) 


Alder (Alnus spp.). 

Arnica, white flowering 
tana). 

Barberry (Berberis spp.). 

Blueberry (Vaccinium spp.). 

Burdock (Arctium lappa). 

Buttercups (Ranunculus spp.). 

Button bush (Cephalanthus occiden- 
talis). 

Cherry, wild (Prunus spp.). 

Chestnut (Castanea dentata (marsh) ). 

Columbine (Aquilegia canadensis). 

Cowpeas (Vigna catjang). 

Cranberry (Vaccinium spp.). 

Cucumber, cultivated (Cucumis spp.). 

Cucumber, wild (Micrampelis lobata). 

Dandelion (Taraxacum spp.). 

Elderberry (Sambucus spp.). 

Elm (Ulmus spp.). 

Gentian, fringed (Gentiana crinita). 

Geranium, wild (Geranium spp.). 

Gill-over-the-ground (Glecoma 
eraced). 

Gooseberry, wild and cultivated (Ribes 
Spp.). 


(Arnica mon- 


hed- 


Hickory (Hicoria spp.). 

Honeysuckle, Tartarian @ 
tatarica). 

Horse chestnut (sculus spp.). 

Huckleberry (Gaylussacia spp.). 

Knotweed (Polygonum spp.). 

Milkweed (Asclepidas spp.). 

Mints, catnip, ete. (Mentha spp.). 

Mustards, wild (Brassica spp.). 


( Lonicera 


New Jersey tea (Ceanothus ameri- 
canus ). 

Radish (Raphanus spp.). 

Shad bush, wild (Ameldnchier botry- 


apium). 
Skunk cabbage (Spathyema fetida). 
Strawberry, wild and _ cultivated 
(Fragaria spp.). 
Sunflowers (Helianthus spp.). 
Syringa (Philadelphus spp.). 
Thyme ? (Thymus serpyllum). 
Viburnum (Viburnum spp.). 
Willow (Salix spp.). 
Witceh-hazel (Hamamelis virginiana). 


7 


PERIODS OF NECTAR SECRETIONS IN DIFFERENT LOCALITIES. 


Through the courtesy of several bee keepers the writer is able to 
present with considerable detail the periods of nectar secretion of 


*Reported of importance and very productive in Hampshire County. 


® Jackson, Joseph J. 
lists it for Worcester County. 
from Berkshire County. 


1894. Through Glade and Mead. Jackson (p. 293) 
It was also reported to the writer three times 
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the more important honey plants in several sections of the State. 
It should be remembered, however, that the dates of nectar yielding 
must necessarily vary from year to year and at different elevations 
in the same territory; consequently the data here presented may be 
slightly at variance with other observations. 


BERKSHIRE REGION. 


(Furnished by E. H. Dewey, of Great Barrington, Mass.) 


Pussy willow, April 1 to 15. Pussy willow in sheltered places will bloom as 
early as the 15th of March and be visited by bees for pollen. Whether they 
get honey as early as that from this source I do not know. Just when pussy 
willow begins to yield honey I can not positively state, for bees work on it 
very early, but I have seen them with tongues extended in search of honey 
as early as the dates indicated. 

Soft maple, April 1 to 8. 

Hard maple, April 20 to May 5. 

Fruit bloom, May 1 to 25. 

Raspberry, June 5 to 30. 

Locust, June 5 to 15. 

Wild mustard. Wild mustard, I am told, appears about six weeks after culti- 
vation. It is most frequently seen here from the middle of June to the 1st 
of July. 

Clover, June 5 to July 25. 

White sweet clover, July 10 to August 25. 

Sumac, July 10 to 20. 

Basswood, July 1 to 15. 

Milkweed, July 5 to 20. 

Chestnut, July 10 to 15. 

Buckwheat, August 1 to 25. 

Smartweed, September 5 to frost. 

Brook sunflower (Bidens levis), September 5 to —. It is fairly covered with 
bees. I have seen three or four working on a single blossom. Grows on low 
land and margins of water. 

Golden-rod, August 20 to frost. One variety of golden-rod appears here the 
middle of August, but never secretes honey. 

Asters, September 1 to frost. 

Tag alders, September 1 to frost. In my immediate locality tag alders are not 
common, but can be found in swampy places a few miles from here. 


CENTRAL REGION. 
(Furnished by Dr. James B. Paige, Massachusetts Agricultural College, Amherst, Mass.) 


Fruit bloom, May 12 to 30. Cherry, plum, and peach are the earliest. Apple 
lasts the longest. 

Clover, June 10 to August 1. 

European linden, June 15 to July 1. 

Raspberry, June 6 or 7 to about June 20. 

American linden, July 21 or 25 and lasts ten days to two weeks. 

Buckwheat, latter part of July or August 1. Lasts nearly a month, according 
to quality of soil and location. 

Golden-rod and asters, September 1, lasting until frost. 


Smartweed, August 25 until frost. Does not appear to secrete after frost © 


comes. 
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Wild clematis, July 25 to September1. Cultivated variety (Clematis paniculata) 
blooms early in September, but I doubt if it secretes honey; it is sparingly 
visited for pollen. 

Thoroughwort, ceases about 1st of September. 

About the 1st of April we get soft maple, willow, skunk cabbage, alder and 
some elms, and cultivated plants, such as crocuses, ete., which, I suspect, 
supply more pollen than nectar, 


CAPE COD REGION.® 


(Furnished by Mr. Allen Latham, Norwich, Conn.?) 


Dandelion, in May. 

Huckleberry, in late May. 

Blackberry,¢ in late May. 

White clover, in June and July. 

Common locust (in Truro), June. 

Sumac (Rhus copallina) (oceasionally), in July. 

White alder (Clethra alnifolia), July to August. 

Fireweed (Erechtites hieracifolia), August to September. 

Cut-leafed water hoarhound (Lycopus americanus), August to September. 

Burr-marigold, August to September. 

Pink knotweed, August to September. 

Various golden-rods, August to September, especially Solidago sempervirens, a 
gigantic variety of golden-rod which thrives in the sand along the beach. 

Various asters, like those which are common all over New England, September 
to October. 

Cranberry, flourishes and blooms for a long period. This may yield nectar. 

Strawberry, grows wild by the acre and the children and women carry bushels 
upon bushels of these berries home every June. Possibly in that region this 
plant yields nectar. 

The beach plum is an old settler and is found all about the Cape whitening all 
the beach and dunes with its blooms in May. Whether the bees get any honey 
from that bloom I do not know. 

Wild cherry, both the black or “rum” and the “choke,” grow in abundance. 
As these yield practically nothing inland, I judge they furnish the bees no 
nectar there. 

Listed in the order of their importance to the bee keeper: 

1. Huckleberry.—Without this one could not be sure of a crop of honey 
oftener than every other year, and possibly not one year in three. 

2-8. Hoarhound and fireweed.—Probably the hoarhound should rank ahead of 
fireweed. 

4. Fall flowers, golden-rod and asters especially. 

The fall flowers will always furnish a crop if the weather permits the bees 
to gather it, but too often the weather is foggy or high winds blow, or else it is 


A good account of bee keeping in this region is found in the following 
paper: Miller, Arthur C. 1906. A Unique System. How an Ingenious School 
Teacher Harvests Crops of Honey from a Desert. American Bee Keeper, 
Vol. XVI, pp. 206-210, October. Illustrated. 

¢Mr. Latham specifies that the data relate to the “plants known to yield 
honey near Provincetown,” the extreme end of Cape Cod, about 50 miles direct 
by sea from Boston and 25 miles from Plymouth. 

© Tt is possible that blackberry is very important. I do not know its honey, 
and the flavor may be lost in the honey from huckleberry bloom, 
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too cold. I have never had such crops of fall honey here (Norwich, Conn.) as I 
have had down among those sand dunes, once in three or four years, strong 
colonies laying upward of a hundred pounds. 

5-6. White clover and Clethra, about equal. 

7. Sumac. 


RACES OF BEES. 


Among the bees of Massachusetts are found representatives of those 
kept in all parts of the United States. They occur only in relative 
degrees of purity, due to the fact that young queens often mismate. 
‘“ Hybrid ” means any cross between recognized races, but more par- 
ticularly and generally the cross between Italians and Germans. 


ITALIAN BEES. 


According to the data at hand, 594 bee keepers say they have Ital- 
ians. This does not mean pure Italians in every instance, but it does 
indicate that practically half of the bee keepers who reported have 
Italians, a highly encouraging condition. Furthermore, 342 report 
that they have hybrids, which may almost universally be interpreted 
as a cross between Italians and Germans. By adding this to the 
number who report Italians, it makes 936, or about 80 per cent, of 
those reporting who have some Italian in their hives. This clearly 
demonstrates the popularity of the race. 

There are several strains of Italians, such as “ long-tongued,” or 
“red-clover,” and “golden,” or “five-banded,” and the lke. AI- 
though these strains are all found in Massachusetts, data concerning 
them is not sufficient to decide their relative merits or popularity. 


GERMAN BEES. 


Pure German or black bees are exceedingly scarce. In the county 
of Worcester the writer has seen what he believed to have been the 
pure-blooded Germans; but these colonies are seldom met with. Al- 
though, as is shown in the table below, 196 persons report that they 
have German bees, there is as much or even more doubt that these 
are strictly pure as there is doubt that all of the Italians reported are 
pure. This race, at least in Massachusetts, is destined to be sup- 
planted by the Italians, although some bee keepers still complain that 
their Italians are constantly being crossed with blacks. 


CARNIOLAN BEES. 


This race, from Carniola, Austria, is not generally used in Massa- 
chusetts. Many who were interested when it was first introduced into 
America tried it and since discarded it; but 34 persons, or 3 per cent, 
reported having it in 1906. 
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Practically every other race of bees known in the United States is 
on trial in Massachusetts. Several mention the newly introduced 
Caucasians. The Punic, Cyprian, and Banat bees are also reported. 

Considering the races by localities in the State, it is difficult to see 
that either the Italians or the Germans are more common to any one 
section than to another. Italan blood tends to predominate. Per- 
sonal observation, however, shows that hybrids or the more purely 
German are found in the back country, where newer methods of bee 
keeping usually receive less attention; the pure Italians and more 
recently introduced races are found near the large communities. 


TaBLE VI.—Prevalence of different races of bees. 


: shride q| Black or} Carnio- | Other 

Tteliaa. | Hybrids.4 German. lan. races. 
MiMPeTeE BOTA, .- 225 b se ol 28S. Skee eee 594 342 196 Sd a pe 
SLD OIE 0055 A ene ns Face 50 30 16 3 i 


aHybrids are largely an admixture of Italian and German races. 


HIVES. 


In 1852 Langstroth patented his movable-frame hive, which marked 
the beginning of modern bee keeping. In the same year he moved 
from Philadelphia, Pa., to Greenfield, Mass. Bee keeping was then 
in a deplorable condition, as he remarked, most of the hives in use 
being those impractical devices classed under the names of “ box 
hives,” “ patent hives,” and the hike. According to the writer’s ob- 
servations, these old-fashioned hives are fast being replaced by frame 
hives; colonies in box hives in the country are being exterminated by 
disease; they are also bought up for transferring and for use in 
cucumber greenhouses; at present, bee keepers seldom, if ever, start 
with anything but frame hives. Of those who reported the kind of 
hive which they use, 10 per cent have exclusively box hives and 8 
‘per cent more acknowledge having a few. Moreover, there are a 
thousand persons who did not reply, and it is fair to presume that a 
considerable percentage of these have box hives. It will, conse- 
quently, not be exaggerating to estimate that 25 per cent, and possibly 
30 per cent, of the bee keepers of Massachusetts still use these hives to 
some extent. Lamentable, too, is the fact that the apiaries in Berk- 
shire County, against the New York State line, are perhaps in worse 
condition, so far as the box-hive problem is concerned, than other 
apliaries of the State, for figures show that one-third of the bee keep- 
ers of Berkshire County are using the old-fashioned hive. This 
circumstance is particularly unfortunate because the flora promises 
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good honey production ; and again because this is a border-line county, 
which may serve, with its high percentage of box hives in which 
diseases are controlled with difficulty, as a source of bee diseases in 
both States. 

The condition on the whole is hopeful—90 per cent of those report- 


ing have largely or exclusively frame hives, which shows a progressive — 


tendency. 

It is not, however, within the province of this paper to discuss 
the relative merits of the various frame hives which are in use. The 
several makes and patterns in principle are the same; they vary only 
in detail of construction and proportion. Climatic conditions, the 
methods of the bee keeper, whether for comb or extracted honey— 
in a word, the needs of the individual should govern his selection. 

By far the most popular hive is the one generally used in the United 
States, perfected by Langstroth. In its simplicity and _ propor- 
tions it has proven satisfactory to the climate of Massachusetts. 
Two sizes, the 8 and the 10 frame hives, are popular. According 
to the statistics, the 8-frame hive is more common (340 bee keepers 
report having it) than the 10 frame (260 bee keepers). There is 
a rather strong tendency, judging from remarks in the reports, 
toward the 10-frame hive. 

Another 10-frame hive, devised in Franklin County, has a shorter 
and deeper frame* than the standard, and is second in popularity. 
Its use is rather local, however, being confined largely to central and 
western Massachusetts, where 100 bee keepers report having it. 

There is but one “closed-end frame” hive in use to any extent. 
Seventy-seven bee keepers are using it. 

Besides these three types and the box hive, there are a great many 
homemade contrivances and a few patent hives with some merit. 


WINTERING. 
METHODS. 


Bees are wintered in two ways. By far the most common and at 
the same time least laborious and less efficient in the latitude of Mas- 
sachusetts is on the summer stands. The writer has seen bees go 
through a winter in Massachusetts unprotected, without bottom board 
and the corners of the hive rotted away. All manner of devices for 
protecting the bees on the summer stands are used. They are packed, 
put in winter cases, and wrapped in paper. But the safest method 
in a climate as famous for severe and variable weather as that of 


®@The frame is 14 inches long and 10% inches deep, with a top bar one-half 


inch thick, 1 inch wide, and 163 inches long, with the corners clipped at each 


end. The ends of the frames are one-half by seven-eighths inch, and the bot- 
tom bar is one-fourth by seven-eighths inch. 
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Massachusetts is to winter in the cellar. Unfortunately, many of 
those who attempt it are not altogether proficient. Of those who 
have reported their method of wintering only 13 per cent winter 
their bees in acellar. It is well established that by proper cellar win- 
tering the loss in northern countries may be reduced to a minimum. 
In order to do this properly the bee keeper must be painstaking and 
observing; he must use a dry cellar and maintain as nearly a uniform 
temperature as possible. 


: 


MORTALITY. 


In New England and the Northern States loss during severe win- 
ters may run as high as 70 per cent. This loss is greatly reduced in 
favorable winters, when it is as low as 10 per cent. Were all the bee 
keepers competent and careful, this loss might generally be reduced 
to 2 or 3 per cent. 
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' Fic. 1.—Proportionate loss of bees wintered in cellars and on summer stands. (Original.) 


In the winter of 1906-7, which was not especially severe, the dam- 
age amounted to 16 or 17 per cent (see fig. 1) ; although this was not 
disastrous, it was too great a loss. It taxed the bee keepers of the 
State $4,886, valuing each colony at $3.50. With plenty of stores and 
proper protection it would not be expected that one-sixth of all the 
bees in the State, 1,396 colonies, should succumb during winter. The 
loss was most severe in localities where disease is now known to exist, 
which suggests that the excessive loss in a measure resulted from the 
depletion of colonies by disease. 


BEES IN GREENHOUSES. 


The use of bees in cucumber greenhouses is one of the many phases 
of bee keeping, perhaps the most prosperous or certainly that most 
peculiar to Massachusetts. The industry is little known outside of 
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this State, yet growers in other Atlantic and Central States have 
undertaken it to some extent. Originating in Worcester County, it 
has assumed large proportions through the eastern part of Massa- 
chusetts. The accompanying map (fig. 2) shows the approximate 
location of the industry. It is a difficult task to obtain satisfactory 
data on this phase of apiculture. Market gardeners who grow cucum- 
bers under glass do not consider themselves apiarists; on this ground 
they largely disregard requests for information. Only through 
a personal canvass among the growers has information been obtained. 
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Fic. 2.--Approximate location of greenhouses in which bees are used for the pollination of 
cucumbers. (Original.) 
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There are at least 118 greenhouse cucumber growers. Only 73 
of these, however, have furnished definite figures. These growers, 
including some of the largest and many of the smaller producers, 
use on an average 8 colonies of bees a year to set the crop. If the 118 
known growers, which is not by any means the total number, require 
on the average 8 colonies each, nearly a thousand hives of bees would 
be utilized annually and, if the statistics from every grower were 
at hand, the writer feels sure several hundred colonies more than 
a thousand would be needed. When it is considered that practically 


Ks eC ee 


yy ee 


BEE KEEPING IN MASSACHUSETTS. 101 


all of these colonies are totally ruined while in the greenhouses and 
that the demand for bees is on the increase each year, it may be 
readily seen what excellent opportunity there is of producing bees 
for greenhouse use. Considering the recorded sale of bees in 1906, 
which amounted to 1,027 colonies, it is probable that these sales 
must have been largely a result of the demand for greenhouse use. 
In illustration of the extent to which bees are used for this purpose 
it may be mentioned that one grower who picks 10,000 bushels 
annually requires 80 colonies of bees; another having 40 acres under 
glass requires 35 to 40 colonies; a great many of the smaller growers 
use from 5 to 20 colonies. Cucumber growers, as a class, know little 
of bee-keeping methods, but they are anxious to learn. They feel 
that they must, in the stress of competition and high expenses, reduce 
the cost and loss in bees. 

Bees are introduced into the greenhouses as soon as the cucumber 
vines begin to bloom. If the houses are large, two or more hives, 
according to the area of the house, are placed on boxes on the beds or 
hung in the gables of the house. Various other methods of intro- 
ducing the hives are also employed. Not being able to secure suffi- 
cient stores in the winter, the colonies dwindle or become depleted in 
‘seven or eight weeks or less. It is a common practice among the 
growers to feed their bees sugar sirup or other sweets. Besides not 
being able to secure nectar to any extent from the cucumber blos- 
soms, the bees are also unable to gather much pollen, which is prob- 
ably a factor in the rapid depletion of the colonies. During the 
spring and summer, however, bees in the houses fare better, because 
they are able to escape, through ventilators and lights of glass re- 
moved for their exit, to the fields, where they secure nectar and 
pollen. Even under these circumstances the writer has seen colonies 
with no stores, with only a handful of bees and with scattered and 
half-starved brood. It is not surprising under such conditions that 
bee moths are such a great annoyance. To an experienced bee 
keeper the reason for their presence is obvious; when a colony be- 
comes weakened the moth gains headway on the combs. No remedy 
for the moth in dwindled colonies can be suggested save killing the 
larvee as they appear in the hive. A means of keeping the colonies 
strong must first be looked for, which will relieve the bee-moth 
nuisance. Without doubt, however, the pest could be reduced if the 
greenhouse men would be more careful in disposing of hives in which 
the bees. have died. ‘The moths breed by thousands in discarded 
hives, and later are at hand to infest fresh material. Under no 
circumstance should discarded combs be cast outside on the rubbish 
heap to be devoured by the bee moths. Such a practice is a menace 
to bee keepers for miles around. 
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TABLE VII.—Distribution of greenhouse cucumber growers and record of bees 
used in greenhouses. 


Number Number 


known of colonies 

Pa aen to be en- poke of bees 
ie a he gaged in te known to 

cucumber g- be used 
growing. annually. 
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Mobede oe Cobban cs 2 Goea ed biden epee OE ee 118 a73 | b584 

« Average of those reporting, 8. » Estimated total, 944. 


THE BEE MARKET. 


It is doubtful whether in any other State in the Union more 
colonies of bees are sold, in proportion to the number on hand in the 
spring, than in Massachusetts. As is pointed out, the cucumber in- 
dustry has much to do with this. Although there are many small, 
more or less amateur bee keepers in the State who customarily sell 
their surplus colonies, the trade is not at all confined to them. The 
supply houses and commercial bee keepers sell heavily, which is 
remarkable in a region where there is so little bee keeping on a large 
scale. Peculiarly, every county in the State shares in the trade 
about equally, in proportion to their respective number of colonies. 
The table, arranged from the statistics of 1906, shows that the bee 
keepers of Bristol, Essex, Franklin, Hampden, Hampshire, Middle- 
sex, Norfolk, and Worcester counties sold approximately one-fifth of 
all the colonies on hand in the spring. Plymouth County, however, 
took the lead, selling 39 per cent, while in the remote counties of 
Barnstable and Berkshire, and in the metropolis county, Suffolk, the 
sale was relatively light. 


TABLE VIII.—Number of colonies sold as compared with colonies on hand in 
spring of 1906. 


Number of colonies hima of colonies 


of bees. : of 
County. a et County. 
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PRICES OF BEES. 


Figured on a basis of $5 a colony, which is an exceedingly low 
average price, the total sales reported for 1906 would have amounted 
to $5,135; at $6 per colony they would have amounted to $6,162, 
which more justly represents transactions. Colonies of bees sell as 
low as $2, or, if they are in a nail keg or soap box, for $2.50; at about 
$3 if in a regular box hive; and from $4 to $10, according to the race, 
strength, and season, if in frame hives of standard patterns; a usual 
price is $6. The customer sometimes furnishes an empty hive to the 
bee keeper, in which to hive a swarm. Such swarms bring about $3. 


THE QUEEN TRADE. 


Besides a trade in colonies of bees, there are several persons in- 
terested in commercial queen rearing. All but three of these, how- 
ever, do a relatively local business. On account of late and cold 
springs, Massachusetts is handicapped in producing early queens for 
market which shall compete with those raised in the South. The 
prices prevailing throughout the country—75 cents, $1, and up—are 
charged for queens produced in Massachusetts. It is difficult to 
calculate just how many queens are reared for sale, but an estimate 
of 500 may not be far from correct. 


ENEMIES. 


The only enemy which is formidable in all parts of the State, but 
which is not detrimental to progressive bee men, is the bee moth, 
Galleria mellonella Li. This insect, however, has been credited by 
all the early apiarists, Langstroth included, with devastating, crip- 
pling, and practically annihilating the bee-keeping interests through- 
out New England. According to Edmund Smith, it first took hold 
in eastern Massachusetts about 1800. In 1805 it reached Connecticut. 
Thence it spread westward. Writers—as, for instance, Smith—were 
formerly inclined to consider the moth as a formidable enemy. Smith 
says: “ For a time, wherever it appeared it nearly destroyed the bees. 
At first it was more fatal than it has been since.” The inroads of the 
moth led to all sorts of claptrap devices in the form of “ patent 
hives ” to protect the bees from the pest. But there is serious doubt, 
in view of recent discoveries of the relation of moths and bee disease, 
if this historical disaster was really due to the moth. There is good 
reason to believe moths were secondary, while disease, not then under- 
stood, was primary. ‘This matter is more fully discussed in a former 


2@Smith, Edmund, Chairman. 1864. Bee Culture, Essex. From the report 
of the Committee on Bread and Honey. Abstract of the returns of the agri- 
cultural societies of Massachusetts. Bound together with Eleventh Annual 
Report of Secretary of Massachusetts Board of Agriculture, pp, 221-229, 
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paper.*. The moth does not materially damage strong, healthy 
colonies, but is a menace only to persons who are inattentive to their 
bees or who are careless, leaving empty combs about their hives and 
bee yards, and who fail to recognize and to treat bee diseases. 
Combs not in use or not covered by bees should be fumigated with 
carbon bisulphid and sealed in tight boxes for storage. 


DAMAGE TO THE BEE-KEEPING INDUSTRY BY THE GIPSY MOTH (PORTHE- 
TRIA DISPAR ) AND BROWN-TAIL MOTH (EUPROCTIS CHRYSORRH@A). 


Numerous complaints came from eastern Massachusetts, where 
gipsy and brown-tail moths are doing tremendous damage to forest 
and shade trees, that they were causing a loss to the apiarist as well. 
Damage is done both directly to the bees and indirectly to the honey 
flora. 

From Cliftondale, Essex County, one bee keeper says that they 
have bothered during June and July by trying to crawl in at the 
entrance of his hives. Another speaks of the caterpillars having 
eaten up all the plants which the bees commonly forage upon, save 
golden-rod and burdock, and have thus caused a loss of his bees. 
Failure of his honey crop in 1906 is attributed to severe ravages of 
gipsy and brown-tail moths. The basswood of New England was 
formerly a good honey producer and could be counted upon for a 
crop, is a report from Melrose, but since the brown-tail and gipsy 
moths defoliated the trees it can no longer yield much. A Medford 
bee keeper contributes this interesting note: 

Gipsy and brown tails have so spoiled the fruit bloom, an important factor 
in spring building, that colonies fail to become sufficiently strong for the har- 
vest. The willow, maple, and elm, early pollen yielders, have also suffered from 
the moths, which has consequently damaged bee keeping. 

Another peculiar case is reported from Cliftondale. Brown-tail 
and gipsy moths were so thick on the trees when a number of swarms 
came out that the bees did not stay near the apiary. : 

The trees were covered with them so that the bees would not stay to be 
hived. * * * In regard to the honey. plants, the moths destroyed all the blos- 
soms on the fruit trees and wild plants. Every place was covered with them 
each year from 1904 to 1906; the result is that there was no honey this year 
(1906), owing to so many of the fruit trees and honey plants being destroyed 


by the pest. 
BEE DISEASES. 


This subject has already been treated with some detail in a former 
paper.” Since the appearance of that paper, however, the extent of 
diseases and the damage they are doing have become more fully real- 


“Gates, Burton N. 1908. Bee Diseases in Massachusetts. Bul. No. 75, Part 
ItI, Bureau of Entomology; Bul. 124, Mass. Agr. Exp. Station. 
6 Tbid, pp. 23-32; also Bul. No. 124, Agr. Exp. Station, Amherst, Mass. 
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ized. Consequently their general distribution has been found to be 
even greater than was then believed. 


BEE KEEPERS’ ORGANIZATIONS. 


Bee keepers’ societies, fairs, institutes, conventions, and the course 
of instruction in bee keeping at the Massachusetts Agricultural Col- 
lege at Amherst are strong factors in the advancement and progress 
of apiculture in Massachusetts. The societies bring together the 
practiced and proficient bee keepers in several sections of the State. 
The instruction at Amherst reaches a few, largely beginners, each 
year; conventions and institutes bring together the new and the old 
bee keepers from over a large area for consideration of present-day 
problems; the State and county fairs and agricultural shows educate 
the public and benefit the industry. 

There are at present two societies organized in the interest of pro- 
moting bee keeping. The oldest is the Worcester County Bee 
Keepers’ Society, organized April 14, 1900. Meetings are held 
monthly throughout the winter months. At least once each summer 
there is a field meeting and institute. Since 1906, in the fall of each 
year, a “ bee show ” or fair is held at Worcester, where are held com- 
petitive exhibits of bees, products, supplies, etc. There is usually a 
series of lectures in connection with the fair. | 

The other society is the Massachusetts Society of Bee Keepers, 
which was organized March 24, 1906, when the Massachusetts Api- 
cultural Society was disbanded. Meetings are held in Boston once 
each month during the winter. 

Another society, to be called the Franklin, Hampshire, and Hamp- 
den Bee Keepers’ Association, was provisionally organized at an insti- 
tute meeting of the Massachusetts State Board of Agriculture at Lud- 
low, Mass., July 21, 1908. 


INSTRUCTION IN BEE KEEPING. 


At the Massachusetts Agricultural College, Amherst, there is given 
each year, beginning the fourth Wednesday in May and continuing 
two weeks, a course in apiculture, which is free to those who enroll. 
The course includes excursions to apiaries of peculiar interest, lec- 
tures, and practical demonstration and practice. 


CONVENTIONS. 


The Massachusetts State Board of Agriculture is exceedingly in- 
terested in promoting bee keeping and holds several institutes each 
year, usually with the bee keepers’ societies. Several papers on bee 
keeping, enumerated in the appended bibliography, have been pub- 


lished by the board. 
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As early as 1644 the colonies made a beginning in apiculture in 
Massachusetts. More than two centuries passed, however, before 
modern bee keeping began, which came with the invention of the 
frame hive by Langstroth in 1853. To-day there are more than 2,100 
persons in the State who derive some profit from their bees. The 
bee keepers who reported in the spring count of 1906 had 5,839 col- 
onies, or an average of 5.5 colonies. Massachusetts needs fewer but 
more proficient bee keepers, who will undertake their work along 
business lines. The major part of Massachusetts is quite as inviting 
and promising as Vermont and New York State, where bee keeping 
is more profitably conducted. 

There are but three persons who report 75 to 100 colonies in their 
yards, and but two who have more than 100 colonies. The number of 
amateur bee keepers is reduced through the dropping out of 50 per 
cent of the beginners during the past five years. 

In the production of honey and possibly of wax the effect of an 
excess of semiproficient bee keepers is again apparent. In 1906 the 
honey crop reported was 145,257 pounds, which is the largest recorded 
for the State. But this is small when it is remembered that in the 
West single individuals frequently produce in a single year from a 
quarter to a third more honey than Massachusetts’ total annual har- 
vest. The crop would have been materially heavier if those who 
reported had even approached the standard average of 35 pounds 
instead of having harvested only 24 pounds. This lowering of the 
average crop is in a large measure due to the great number of non- 
progressive small bee keepers and to the presence of bee diseases. 

The more important honey sources, as reported by the bee keepers 
in all parts of the State, are clovers, golden-rod and asters, fruit 
bloom, basswood, wild raspberry and blackberry, sumac, and locust. 
Some other’ plants, such as clethra and huckleberry, are of local 
importance and some listed as of minor importance are probably 
underestimated. 

The Italian race in varying degrees of purity is most popular. 
The German or “ black ” still persists, but is rarely found pure. 

Twenty-five per cent of the bee keepers still use box hives to some 
extent. The presence of box hives is most noticeable in the back 
country, where modern methods penetrate less rapidly. Of the frame 
hive types, the one standard for the country, the Langstroth, is most 
generally used. 

The loss in the winter of 1906-7 was 16 to 17 per cent, which taxed 
the bee keepers nearly $5,000. By far the majority winter their bees 
on summer stands, protected in various ways or unprotected. <A few 
take advantage of cellar wintering, but most of those who follow 
this practice are not especially proficient. 
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A thousand colonies or more are annually used in cucumber green- 
houses. Since practically all of these colonies are useless after com- 
ing out of the houses, there is a constant demand and sale for bees. 
Several greenhouse men use from 40 to 80 colonies a year. The 
average number reported is 8 colonies. In the sale of bees the several 
counties, exclusive of Barnstable, Berkshire, and Suffolk, sold in 1906 
approximately one-fifth of all their bees, spring count. In Plymouth 
County the sale amounted to 39 per cent. The total income amounted 
to between $5,000 and $6,000. The queen-rearing industry is limited 
to a few persons and late springs make it difficult to compete with 
southern producers. 

The chief enemy reported is the bee moth. There is great doubt, 
however, if the damage attributed is really and primarily due to it. 
There is, on the other hand, sufficient reason to believe that disease 
is primary and that destruction by the moth is secondary. Gipsy 
and brown-tail moths are also reported as interfering severely with 
apiculture in the eastern part of the State. 

Massachusetts is particularly fortunate and in some ways in 
advance of other communities in her bee keepers’ institutions. Not 
alone do local societies aim to promote bee keeping, but the State 
Board of Agriculture, State Experiment Station, and Agricultural 
Station as well, are deeply interested in the advancement of api- 
culture. 


A LIST OF THE MORE IMPORTANT ARTICLES ON BEE KEEPING IN 
° MASSACHUSETTS. 


1906. Massachusetts field meeting. American Bee-Keeper, XVI, pp. 188— 


1908. Worcester County (Mass.) convention. American Bee-Keeper, XVIII, 
p. 43 


1908. Has annual meeting. Worcester County Bee Keepers’ Association 
Elects Officers. American Bee-Keeper, XVIII, pp. 40-41. 
ADAMS, GEO. W. 
1906. Farm bee keepers [in Massachusetts]. American Bee-Keeper, XVI, 
pp. 88-89. 
1906. Massachusetts bee keeping in 1644. Supply manufacturing before 
the days of new-fangled fixtures. American Bee-Keeper, XVI, 
pp. 180-181. 
BABCOCK, L. B. 
1855. Bees. Norfolk [County]. The agriculture of Massachusetts as shown 
in returns of the agricultural societies, 1854. Prepared by Charles 
L. Flint. Bound with Second Annual Report of the Secretary of 
Massachusetts Board of Agriculture. Boston. Pp. 408-405, 
Brooks, JENNIE. 
1909. Memories of Langstroth by one who knew him in her childhood. 
Bee Keepers’ Review, XXII, No. 2, pp. 39-42. 
CANNING, Jos1AH D., Chairman; Cow tes, DAvip S.; WRIGHT, ASAHEL. 
1854, Bees and: honey. The agriculture of Massachusetts, as shown in the 
returns of the agricultural societies, 1853. Prepared by Charles 
L. Flint. Bound with First Annual Report of the Secretary of 
Massachusetts Board of Agriculture. Boston. Pp. 3890-393, 
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Dewey, E. H. 

1907. E. H. Dewey’s doings. American Bee-Keeper, XVII, p. 85 

1908. Yes; Relegate the box hive. American Bee-Keeper, XVIII, pp. 42-43. 
Eppy, Dr. HENRY. 

1858. Bee culture. Abstracts of returns of the agricultural societies of 
Massachusetts, 1857; edited by Charles L. Flint. Bound with Fifth 
Annual Report of the Secretary of Massachusetts Board of Agri- 
culture. Pp. 278-289. Illustrated. Boston. 

ELLSwortH, J. LEWIS. 

1909. Bee keeping in Massachusetts. Annual Report of the Secretary of 

Massachusetts State Board of Agriculture, 1908. 
EstTaBrook, A. H. 

1908. Worcester County bee keepers’ meeting. American Bee-Keeper, 

MVITL: p. 176. 
[Estasrook, A. H.] 

1907. Schedule of the bee show of the Worcester County Bee Keepers’ 
Association, Sept. 15 and 14, 1907. American Bee-Keeper, XVII, 
pp. 189-190. 

FLINT, CHARLES L. 

1866. Thirteenth Annual Report of the Secretary of Massachusetts Board 
of Agriculture for 1865. Boston. Pp. 314-820. Apicultural statis- 
tics by counties in Part II of the Report, Abstracts of Returns of 
the Agricultural Societies of Massachusetts, 1866. 

GATES, BurTON N., and Hopes, C. F. 

1904, 1905. Bee keeping: How to meet its dangers and difficulties. Mass. 
Crop Report, XVII, No. 6, October, 1904, pp. 30-40. Fifty-second 
Annual Report of the Secretary of Massachusetts State Board 
of Agriculture. Pp. 411-426. Boston: 1905. 

GATES, BURTON N. 

1906. The first annual bee show of the Worcester Co. (Mass.) Bee Keepers’ 
Association. American Bee Journal, XLVI, pp. 946-947. 

1906. An interesting meeting. Report of the first of the series of winter 
meetings of the Worcester County (Mass.) Bee Keepers’ Associa- 
tion. American Bee-Keeper, XVI, pp. 260-261. 

1906. Worcester County Association. American Bee-Keeper, XVI, pp. 
97-99. 

1907. Status of bee keeping in Massachusetts in 1906. American Bee- 
Keeper, XVII, pp. 79-81. 

1907. March meeting of the Worcester County. (Mass.) Bee Keepers’ Asso- 
ciation. American Bee-Keeper, XVII, pp. 88-90. 

1907, 1908. Bee keeping: Some suggestions for its advancement in Massa- 
chusetts. Massachusetts Crop Report, XX, No. 4, August, 1907, pp. 
26-56. YVifty-fifth Annual Report of the Secretary of Massachu- 
setts State Board of Agriculture, 1907. Boston: 1908. Pp. 370-383. 

1907. Relegate the box hives. American Bee-Keeper, XVII, pp. 271-273. 

1908. Bee diseases in Massachusetts. Bulletin 75, Part III, Bureau of 
Entomology, U. 8. Department of Agriculture; Bulletin 124, Massa- 
chusetts Agricultural College. 12.pp. 

1909. A method of securing apicultural statistics. Journal of Economic 
Entomology, II, pp. 117-120. 

LATHAM, ALLAN. 

1908. Is it well to relegate the box hive? American Bee-Keeper, XVIII, 

pp. 2-4. 
MILLER, ARTHUR C. 

1906. A unique system. American Bee-Keeper, XVI, pp. 206-210. 

1906. Worcester County bee keepers’ show. American Bee-Keeper, XVI, 
pp. 2381-238. 

1907. The Wiswell-Richardson apiary. West Medford, Mass. American 
Bee-Keeper, XVII, p. &. 

1907. The Massachusetts society. American Bee-Keeper, XVII, pp. 100-101. 

1907. The Massachusetts field meet. American Bee-Keeper, XVII, p. 206. 

1907. The Massachusetts meeting. American Bee-Keeper, XVII, pp. 220—- 
271. 

1907. Profitable meeting at Worcester, Mass. American Bee-Keeper, XVII, 
pp. 2389-241. 
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chusetts State Board of Agriculture. 10 pp. Illustrated. 
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1861. Bee culture. Hampshire [County] Abstract of the returns of the 
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SMITH, JEROME V. C., M. D. 

18381. An essay on the practicability of cultivating the honey bee, in 
maritime towns and cities, as a source of domestic economy and 
profit. Boston: Perkins and Marvin; New York. Frontispiece 
and cuts. 106 pp. 

SMITH, EDMUND, Chairman. 
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THACHER, JAMES, M. D. 
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WRIGHT, W. D. 
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LETTER OF TRANSMITTAL. 


UNITED STATES DEPARTMENT OF AGRICULTURE, 
BUREAU OF ENTOMOLOGY, 
Washington, D. C., December 3, 1910. 
Sir: I have the honor to transmit herewith, for publication as 
Bulletin No. 75, seven papers dealing with bee culture. These 
papers, which were issued separately during the years 1907, 1908, 
and 1909, are as follows: Production and Care of Extracted Honey, 
_ by E. F. Phillips, and Methods of Honey Testing for Bee Keepers, 
_ by C. A. Browne; Wax Moths and American Foul Brood, by E. F. 
Phillips; Bee Diseases in Massachusetts, by Burton N. Gates; The 
Relation of the Etiology (Cause) of Bee Diseases to the Treatment, 
by G. F. White; A Brief Survey of Hawaiian Bee Keeping, by E. F. 
Phillips; The Status of Apiculture in the United States, by E. F. 
Phillips; Bee Keeping in Massachusetts, by Burton N. Gates. 
Respectfully, 
L. O. Howarp, 
Chief of Bureau. 
Hon. JAMES WILSON, 
Secretary of Agriculture. 
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Page 49, line 14, for civeutarium read cicutarium. 

Page 49, line 24, for Lupins read Lupin. 

Page 49, line 24, for plants read plant. 

Page 49, line 18 from bottom, for Thevitia read Thevetia. 
Page 49, line 18 from bottom, for nereifolia read neriifolia, 
Page 49, line 17 from bottom, for supp. read spp. 

Page 49, line 15 from bottom, for Artemesia read Artemisia. 
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